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FOREWORD 


Cubic  Corporation  developed  the  mathematics  and  methods  for  processing 
Geouetic  SECOR  USA-2  satellite  tracking  data  obtained  during  the  equipment 
test-service  test  (ET/ST).  The  ET/ST  commenced  with  the  USA-2  satellite 
launch  in  January  1964,  and  continued  through  May  1964.  This  report 
contains  the  mathematics,  and  a  general  discussion  of  the  methods  employed 
and  results  obtained  in  processing  Geodetic  SECOR  USA-2  satellite  tracking 
data.  The  report  is  prepared  in  compliance  with  the  requirements  of 
Department  of  the  Army  Contract  DA-49-018-ENG-2390,  Modification  24, 
Addition  II  to  Exhibit  A,  paragraph  Id. 

Cubic  Corporation  was  the  prime  contractor,  responsible  for  the 
implementation  of  all  contract  provisions.  All  work  was  administered  under 
the  supervision  of  the  U.  S.  Army  Engineer  Geodesy.  Intelligence  and 
Mapping  Research  and  Development  Agency  (GIMRADA),  Fort  Belvoir, 
Virginia. 
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SECTION  I 
SUMMARY 


1.  1  Introduction.  This  report  contains  a  discussion  of  the  data 
processing  techniques  employed  by  Cubic  Corporation  in  the  reduction  and 
analysis  of  Geodetic  SECOR  tracking  data.  The  data  processed  was  taken 
during  the  period  from  15  January  1964  to  24  April  1964  using  the  transponder 
aboard  the  USA-2  satellite.  Stveral  ground  station  configurations  and  track¬ 
ing  modes  were  used  during  this  period,  and  many  of  the  possible  types  of 
solution  were  performed  with  the  data. 

In  the  main  text,  the  data  processing  techniques  themselves  are  discussed, 
together  with  a  summary  of  some  of  the  results  obtained.  Recommendations 
for  further  processing  techniques,  and  for  modifications  to  the  existing 
techniques  are  included.  Details  concerning  the  design  or  operation  of  the 
Geodetic  SECOR  system  are  not  part  of  this  document.  Refer  to  Cubic 
engineering  reports  for  the  design  characteristics  of  SECOR  equipment. 

To  permit  familiarization  of  the  reader  with  the  over-all  processing 
techniques  without  becoming  overburdened  with  mathematical  detail,  the 
mathematical  discussions  and  operational  procedures  have  been  incorporated 
as  appendices.  Supplementing  the  report  are  two  copies  of  the  program 
listings  given  in  Appendix  T  and  one  copy  of  the  computer  programs  on 
punched  cards.  The  programs,  which  include  many  general  purpose  sub¬ 
routines  developed  in  conjunction  with  this  and  other  projects,  have  been 
extensively  tested  and  refined  to  provide  both  accuracy  and  speed.  Appendix 
A  gives  the  constants,  units,  rotations,  and  translations  used  in  the  text. 

For  additional  information  concerning  the  results  of  the  Geodetic  SECOR 
data  processing  and  analysis,  refer  to  the  following  Cubic  Corporation 
reports: 

Geodetic  SECOR  Simulation  Study,  Satellite  USA-2,  Cubic  Document 

ES/71-2,  June  1964 

Geodetic  SECOR  Data  Processing  Summary,  USA-2  Satellite  Orbits 

463-1448,  Cubic  Document  SR/7I -1 

Geodetic  SECOR  Range  Accuracy  Study 

Geodetic  SECOR  Maximum  Ranging  Capability  Study 

1. 2  Purpose  of  the  Processing.  Data  processing  of  the  Geodetic 
SECOR  data  {satellite  USA-2)  by  Cubic  Corporation  was  designed  (1)  to 
provide  a  rapid  check  of  the  system  operation,  (2)  to  provide  an  indication 
of  the  quality  of  the  range  data,  and  (3)  to  evaluate  the  data  processing 
techniques  employed  with  data  from  the  various  modes  of  system  operation. 
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1.  3  Modes  of  Operation.  The  Geodetic  SEGOR  system  operates  in 
either  the  simultaneous  mode  or  the  orbital  mode.  For  either  mode,  the 
data  obtained  can  be  used  in  one  or  more  types  of  solution  as  described  in 
the  following  paragraphs. 

1.  3.  1  Simultaneous  Mode.  In  the  simultaneous  mode,  all 
four  trackers  take  simultaneous  range  data  over  the  same  portion  of  one  or 
more  satellite  passes.  Thus,  only  the  portions  of  the  satellite  orbit  which 
are  line-of- sight  with  all  four  trackers  can  be  used  in  simultaneous  mode 
operation. 


1.3.  1 .  1  3-3  CORDEX  Solution  with  Simultaneous 

Mode  Data.  In  the  simultaneous  mode  3-3  CORDEX  (COoRDinates  >£.  the 
unknown  station)  solution,  the  range  measurements  made  over  two  or  three 
satellite  passes  by  three  known  sites  and  the  CORDEX  site  are  used  to 
determine  the  position  of  the  CORDEX  site.  (See  figure  1-1.  ) 

1.3.  1.2  3-2  CORDEX  Solution.  The  3-2  CORDEX 

solution  is  similar  to  the  3-3  CORDEX  solution,  except  that  the  height  of  the 
CORDEX  station  is  assumed  to  be  known  and  is  constrained  in  the  solution. 

In  this  solution,  the  C  ORDEX  site  may  be  located  using  only  one  orbital 
pass  as  shown  in  figure  1-2.  This  solution  is  advantageous  where  good 
geometry  may  not  be  obtained  for  a  3-3  CORDEX  solution,  or  where  the 
height  of  the  CORDEX  site  has  been  well-established  by  other  means. 

1.3.  1.3  Line  Crossing  Computation.  The  line 
crossing  computation  ic  used  to  determine  the  distance  along  a  reference 
spheroid  (i.  e.  ,  the  geode-ic)  between  the  CORDEX  site  and  one  or  more  of 
the  known  sites.  (See  figure  1-3.)  These  line  length  measurements  may  be 
used  in  a  network  adjustment  program  to  provide  a  check  on  the  other 
CORDEX  solutions,  or  even  to  furnish  a  solution  for  the  CORDEX  site 
relative  to  some  assumed  spheroid.  In  the  line  crossing  solution,  the  three 
known  sites  are  used  to  establish  the  satellite's  height  while  the  simultaneous 
ranges  taken  from  the  ends  of  the  baseline  provide  the  primary  control  of 
the  line  length. 

1.  3.2  Orbital  Mode.  The  orbital  mode  differs  from  the 
simultaneous  mode  in  that  the  CORDEX  site  measures  ranges  to  the  satellite 
either  before  or  after  the  satellite  is  line-of-sight  with  the  three  known  sites. 
The  positions  of  the  satellite  corresponding  to  the  CORDEX  site  range 
measurements  are  determined  by  orbital  prediction  using  orbital  elements 
determined  from  the  simultaneous  range,  data  taken  by  the  three  known 
stations. 

By  using  the  orbital  mode,  CORDEX  sites  much  farther  from  the 
established  survey  grid  can  be  located  since  the  requirement  for  simultaneous 
line-of-sight  conditions  is  eliminated.  The  results  obtained  using  the  orbital 
data  indicate  the  presence  of  one  or  more  sources  of  error  which  rnay  include 
base  site  survey,  range  calibration,  ionospheric  refraction  correction  bias, 
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and  orbital  prediction  techniques.  It  is  recommended  that  further  investiga¬ 
tion  be  undertaken  to  identify  the  sources  of  bias,  and  to  eliminate  them 
through  extended  solutions  v-hich  solve  for  the  residual  biases.  Alfeo,  orbital 
prediction  techniques  utilizing  longer  fitting  spans  (or  even  multiple  orbit 
fitting)  should  be  attempted  to  improve  the  long  range  prediction  accuracy. 

Only  the  3-3  CORDEX  solution  as  described  in  the  following  paragraph 
was  performed  with  the  orbital  mode  data. 

1.3. 2.1  3-3  CORDEX  Solution  with  Orbital  Mode 

Data.  This  solution  is  similar  to  that  performed  with  the  simultaneous  mode 
data,  except  that  satellite  positions  are  determined  from  orbital  prediction 
instead  of  from  direct  measurement. 

1. 4  Data  Processing  Facilities.  Data  processing  v/as  accomplished  at 
the  computer  center  of  the  University  of  California  at  San  Diego  (UCSD)  on  a 
Control  Data  1604  computer  system.  The  CDC  1604  computer  has  a  core 
memory  of  33,  000  48-bit  words,  and  an  average  cycle  time  of  4  psec.  The 
peripheral  equipment  includes  a  160A  satellite  computer,  twenty  magnetic 
tape  units,  a  card  reader  and  punch,  and  a  1000-line-per-minute  printer.  In 
addition,  off-line  key  punches,  a  card  lister,  duplicator,  and  interpreter  are 
available  for  those  using  the  computer. 

The  data  processing  programs  were  written  in  FORTRAN  63  and  in 
CODAP  assembly  language.  Operational  descriptions  of  these  programs  are 
included  as  Appendix  T,  and  sample  listings  constitute  Appendix  S  of  this 
report. 
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SECTION  II 

COMPUTATIONAL  PROCEDURE 


2.  1  Introduction.  Most  of  the  data  processing  programs  were  written 
prior  to  the  launching  of  satellite  USA-2.  Since  the  data  in  this  report  were 
obtained  in  the  first  truly  operational  test  of  the  system,  the  various  process¬ 
ing  steps  were  set  up  to  run  on  separate  computer  passes  to  allow  inspection 
of  the  intermediate  results  before  further  processing  steps  were  attempted. 

The  results  obtained  during  each  computer  pass  were  listed  and  recorded  on 
magnetic  tape  for  use  in  the  subsequent  processing  steps.  Figure  2-1  is  the 
over-all  data  processing  flow  diagram.  Each  box  in  the  diagram  indicates  a 
computer  pass,  and  the  arrows  (unless  otherwise  indicated)  designate  the 
magnetic  tape  reels  used.  The  tape  reels,  except  for  the  original  raw  tapes, 
were  identified  with  a  letter,  orbit  number,  and  station  number  for  process¬ 
ing  purposes.  For  example,  R  132.  1  is  the  raw  tape  from  orbit  132,  station 
1.  The  letter  designations  of  the  various  tapes  are  in  parentheses  next  to 
the  arrows. 

In  the  following  paragraphs,  the  processing  steps  accomplished  during 
each  computer  pass  (as  shown  in  figure  2-1)  are  discussed. 

2.  2  Copy  Raw  Tapes.  The  magnetic  tapes  recorded  at  each  tracking 
site  were  forwarded  to  Cubic  Corporation  through  the  GIMRADA  representative. 
The  tapes  were  copied  and  the  originals  were  returned  to  the  GIMRADA 
representative  for  shipment  to  Army  Map  Service  (AMS).  Because  the  end- 
of-recordi  gap  on  the  original  raw  tapes  was  not  sufficiently  long  for  use  by 
the  CDC  1604  c<.  nputer,  copying  the  tapes  could  not  be  accomplished  directly 
on  the  computer.  The  original  tapes  had  an  end-of-record  gap  of  only  5/8- 
inch,  whereas  the  1604  computer  system  tape  units  stop  at  the  end  of  each 
physical  record  and  require  a  3/4-inch  end-of-record  gap.  Therefore,  the 
'apes  were  copied  on  the  CDC  160A  satellite  computer  with  a  CDC  163-2  tape 
unit  which  reads  continuously  and  requires  a  shorter  inter- record  gap.  The 
tapes  output  by  this  program  (R  tapes)  were  compatible  with  the  i604  tape 
units,  and  were  used  for  the  subsequent  processing  steps. 

Some  delay  in  processing  time  was  experienced  as  a  result  of  this 
procedure  because  the  160A  computer  is  not  generally  available  for  us  j 
except  as  an  integral  part  of  the  1604  computer  system.  The  time  which 
would  be  saved  in  processing  would  probably  justify  an  investigation  into  a 
tape  format  change  to  make  the  magnetic  tapes  compatible  with  standard 
tape  units. 

2.  3  Raw  Data  Listing.  Each  raw  tape  was  listed  as  a  preliminary 
check  of  data  quality  and  as  a  means  of  locating  regions  of  usable  data.  The 
listing  (program  EXAMi)  involved  unpacking  the  raw-  tape  data  format  (sub¬ 
routine  FORMAT),  and  converting  it  into  a  more  convenient  format;  resolving 
the  ranges  (subroutine  RESOLVE);  and  listing  this  information.  Copies  of 
the  raw  data  listing  were  forwarded  to  the  GIMRADA  representative. 
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Figure  2-1.  Data  Processing  Flow  Diagram 
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The  method  used  to  resolve  the  ranges  is  discussed  in  Appendix  B,  and 
the  sample  raw  data  listings  (as  previously  noted)  appear  in  Appendix  S. 

The  raw  data  listings  were  made  available  within  24  hours  of  the  receipt 
of  the  original  raw  tapes  by  Cubic  Corporation.  This  turn-around  time  was 
continued  throughout  most  of  the  data  processing,  and  provided  valuable 
assistance  both  to  the  GIMRADA  representatives  and  to  the  Cubic  field 
engineers. 

2.4  Data  Editing  and  Smoothing.  During  the  data  editing  and  smooth¬ 
ing  pass  (program  PASS2),  the  raw  tape  from  each  tracking  site  was  read, 
and  the  following  operations  performed: 

(1)  calibration  constants  were  applied  to  the  raw  range  and  to  the 
measured  ionospheric  correction  (IC), 


|  (2)  the  raw  ranges  (plus  calibration)  were  edited  for  ambiguities  and 

|  spurious  bad  samples, 

|  (3)  the  edited  ranges  were  smoothed  using  a  least  squares  moving  span 

|  filter, 
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(4)  the  range  rate  and  range  acceleration  were  determined  as  a  by¬ 
product  of  the  range- smoothing  process, 

(5)  the  smoothing  residuals  (differences  between  the  smoothed  and 
edited  ranges)  were  calculated  and  used  to  determine  a  standard  deviation 
(rms  error)  for  each  block  of  132  samples. 

The  information  from  step  (5)  was  used  in  the  subsequent  data  evaluation. 
The  editing  and  smoothing  data  were  generally  available  within  two  days  of 
the  receipt  of  the  original  raw  tapes. 

2.  4.  1  Calibration  Constants.  The  calibration  constants  to  be 
applied  to  the  data  were  calculated  for  each  orbit  in  the  field  and  forwarded 
to  Cubic  Corporation  through  the  GIMRADA  representative.  These  calibra¬ 
tion  constants  included  one  for  the  very  fine  (VF)  channel  and  one  for  the 
very  fine  ionospheric  correction  (VFIC)  channel.  These  constants  were  input 
on  cards  during  the  data  editing  and  smoothing  pass  (program  PASS2). 

The  final  calibration  constants  represented  an  estimate  of  the  phase  shift 
within  the  station- satellite  loop  other  than  that  phase  shift  attributable  to  the 
range.  In  practice,  these  phase  shifts  were  measured  in  four  steps: 

(1)  Each  station  measured  the  range  to  a  test  transponder  (TT) 
over  a  known  distance  (cable  phase  shifts  included)  and  noted  the  offset 

(^QT  A  ^  tT-r)' 
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(2)  The  test  transponder  of  the  station  was  compared  with  the 
transponder  calibration  unit  (TCU)  and  the  difference  was  noted  (c^,rp  +  0<rcU^' 


(3)  The  transponder  calibration  unit  was  compared  with  the 
satellite  transponder  (oTCU  +  <£saT). 

(-1)  The  phase  delay  from  the  satellite  antenna  to  the  satellite 
transponder  was  measured  (Og^j  ANT^‘ 


The  final  calibration  constant  was  found  from: 


CCALIB  ~  ^CSTA  +  CTT^  '  *CTT  +  °TCU*  4  ^PTCU  +  ^SAT*  +  ^SAT  ANT 

2.  4.2  Data  Editing.  The  data  editing  process  removed  ambigu¬ 
ous  and  spurious  bad  samples  from  the  raw  range  data.  The  editing  was 
accomplished  by  comparing  each  first  difference  with  a  first  difference  pre¬ 
dicted  from  previously  edited  ranges.  Where  the  agreement  was  within  the 
noise  tolerance  (2  5  meters),  the  corresponding  range  was  passed  unchanged. 

If  the  agreement  was  within  the  noise  tolerance  of  an  integral  number  of  256- 
meter  ambiguities,  the  total  ambiguity  was  removed  from  the  output  range. 

Where  neither  of  these  conditions  existed,  the  sample  was  considered  to  be  a 
spurious  bad  sample,  and  it  was  replaced  by  an  extrapolated  range  value. 

Since  extrapolation  depends  on  the  use  of  'good'  samples,  only  five  successive 
bad  samples  were  allowed  before  a  search  for  a  new  starting  span  was  initiated. 

The  process  of  editing  based  on  first  differences  requires  that  the  editing 
process  begin  in  a  region  of  nonambiguous  data.  In  order  to  find  such  a 
region,  the  average  second  difference  of  a  span  of  five  samples  (the  starting 
span)  was  computed  and  compared  with  a  predetermined  maximum  value  (10 
meters/(0.  1  sec)^).  If  the  maximum  value  were  not  exceeded,  editing  com¬ 
menced;  if  the  maximum  value  were  exceeded,  the  next  five  samples  were 
examined.  A  detailed  description  of  this  data  editing  technique,  together  with 
a  flow  diagram  of  the  process,  is  included  as  Appendix  C. 

The  edited  Geodetic  SECOR  range  data  exhibited  two  types  of  ambiguity, 
sporadic  and  consistent.  The  sporadic  ambiguous  samples  occurring  in  3  to 
5  per  cent  of  the  ranges  posed  no  problem,  and  they  were  completely 
eliminated  from  the  data.  The  consistent  ambiguities  caused  a  constant  offset 
of  the  data  for  an  extended  interval.  These  ambiguities  sometimes  resulted 
in  an  offset  of  the  entire  span  of  edited  range  data  if  the  editing  procedure 
started  in  an  ambiguous  span  of  data.  These  ambiguities  were  generally  in 
the  extended  range  (524,288  meters)  and  resulted  in  an  offset  which  was 
readily  recognized  from  an  approximate  knowledge  of  the  orbit,  or  by 
examining  the  permuted  satellite  positions.  When  such  an  offset  occurred, 
it  was  removed  during  the  satellite  position  calculation  by  applying  the  offset 
as  a  calibration  constant. 
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An  example  of  the  edited  range  data  is  shown  in  figure  2-2.  In  this  data 
sample,  the  editing  process  was  started  in  a  region  of  consistently  ambiguous 
data,  resulting  in  an  offset  of  +524,  288  meters  in  the  edited  ranges.  The 
presence  of  the  offset  is  obvious  from  the  predicted  range  data  supplied  by 
the  NASA  Goddard  Space  Flight  Center,  and  it  was  removed  as  a  calibration 
offset  in  subsequent  processing  steps.  The  figure  also  illustrates  one 
spurious  ambiguity  in  the  fifth  sample;  this  was  removed  during  the  editing 
process. 


2.4.3  Data  Smoothing.  The  edited  range  data  were  smoothed 
to  reduce  the  random  noise  content  of  the  data.  As  a  byproduct  of  the  smooth¬ 
ing  process,  the  range  rate  and  the  range  acceleration  were  also  determined. 
The  smoothing  filter  used  was  a  twenty-five,  second  degree,  midpoint  filter. 
This  filter  effectively  fits  a  second  degree  polynomial  to  a  span  of  twenty-five 
ranges,  and  from  this  polynomial  a  smoothed  thirteenth  range  is  calculated. 

By  successively  shifting  the  range  data  and  repeating  the  process,  a  series  of 
smoothed  ranges  were  determined.  The  range  rate  and  the  range  acceleration 
were  then  determined  using  the  time  derivative  of  the  polynomial.  This  type 
of  filter  is  discussed  in  more  detail  in  Appendix  D  where  plots  indicate  the 
theoretical  noise  reduction  and  frequency  response. 

The  differences  between  the  edited  and  smoothed  ranges  (the  smoothing 
residua  s)  were  calculated  and  output  as  an  indication  of  the  data  quality.  A 
plot  of  a  typical  set  of  residuals  is  shown  in  figure  2-3.  The  horizontal  dashed 
line  in  this  figure  indicates  the  probable  error  of  a  single  observation  based  on 
these  smoothing  residuals  (0.26  meter). 

A  more  comprehensive  understanding  of  the  noise  removed  by  the  smooth¬ 
ing  process  may  be  gained  by  examining  the  frequency  distribution  of  the 
smoothing  residuals.  A  typical  spectral  density  plot  of  the  residuals  is  shown 
in  figure  2-4.  This  plot  is  normalized  in  such  a  way  that  the  area  under  the 
curve  is  equal  to  the  sample  variance  of  the  residuals.  The  tapering  off  of 
the  curve  at  low  frequencies  must  be  attributed  to  a  combination  of  the 
spectral  characteristics  of  the  noise  and  the  filter  response. 

2.  5  Satellite  Position.  The  satellite  position  program  (program 
PA£>S3)  time -synched  either  three  or  four  E5  tapes  (edited  and  smoothed 
data  tapes),  and  produced  an  output  tape  consisting  of  the  station  data  plus 
the  computed  satellite  position.  During  this  computer  pass  the  ranges  were 
corrected  for  constant  offsets,  tropospheric  refraction,  ionospheric  refrac¬ 
tion,  and  transit  time.  These  corrected  ranges  along  with  the  range  rates 
were  then  used  to  compute  the  final  position  of  the  satellite.  In  addition, 
when  simultaneous  mode  data  were  used,  an  internal  range  consistency  check 
was  computed. 

2.  5.  1  Calculation  of  Satellite  Position  and  Velocity.  The 
calculation  of  satellite  position  and  velocity  was  performed  twice.  The  first 
solution  was  performed  with  the  smoothed  ranges  from  the  ES  tapes  plus  the 
correction  for  constant  offsets.  This  initial  solution  was  used  to  calculate 
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Figure  2-2.  Geodetic  SECOR  Edited  Data 
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Figure  2-4.  Spectral  Density  VS  Frequency 


the  range,  elevation  angle,  and  the  range  rate  of  the  satellite  as  observed  at 
each  tracking  site.  These  parameters  were  then  used  (as  described  in  the 
next  paragraph)  to  compute  the  various  range  corrections.  From  the  corrected 
ranges,  the  final  satellite  position  was  computed. 

The  mathematics  for  the  calculation  of  satellite  position  using  the 
simultaneous  ranges  measured  .it  the  three  known  stations  is  derived  in 
Appendix  E.  This  solution  may  be  geometrically  interpreted  as  the  inter¬ 
section  of  the  three  spheres,  with  the  radii  defined  by  the  three  ranges  and 
centered  at  the  three  tracking  sites. 

The  satellite  velocity  was  determined  using  the  simultaneous  ranges 
and  range  rates  from  the  three  known  sites  and  the  set  of  linear  equations 
derived  in  Appendix  F. 

2.5.2  Range  Corrections. 

2.  5.  2.1  Correction  for  Constant  Range  Offset. 

Since  the  data  editing,  at  times,  produced  ranges  which  were  offset  by  a 
constant  ambiguity,  provision  was  made  to  apply  a  calibration  constant  to 
each  range  during  the  satellite  position  calculation.  The  set  of  range  correc¬ 
tions  (if  any)  was  input  on  cards  by  the  PASS3  program  and  applied  to  the 
input  ranges  before  any  computations  were  made. 

2.  5.  2.  2  Tropospheric  Refraction  Correction.  The 
tropospheric  refraction  range  correction  was  made  using  the  analytic  model 
(subroutine  REF)  discussed  in  Appendix  G.  The  correction  was  computed 
using  the  range  and  elevation  angle  at  each  site  determined  from  the  initial 
satellite  position  computation  as  the  model  parameters. 

2.  5.  2.  3  Ionospheric  Refraction  Correction.  The 
ionospheric  correction  was  made  using  the  analytic  model  for  the  ionospheric 
correction  (subroutine  IONCR)  described  in  Appendix  H  except  for  one  orbit 
(1365)  where  the  measured  IC  was  directly  applied  to  the  data.  (Refer  to 
Appendix  I.  )  The  use  of  the  analytic  model  was  adopted  because  of  the 
relatively  high  noise  content  of  the  measured  IC  compared  to  the  measured 
very  fine  channel,  and  the  consistent  loss  of  IC  lock  at  the  Austin  site. 

In  addition  to  the  range  and  elevation  angle,  the  analytic  model  for  the 
ionospheric  correction  used  the  maximum  electron  density  of  the  F2  layer 
and  a  slope  constant,  K2.  These  parameters  were  determined  by  a  least 
squares  adjustment  to  the  measured  IC  values  from  all  sites  (program 
IONITR).  Figure  2-5  shows  the  distribution  of  the  maximum  electron  density 
plotted  as  a  function  of  local  time.  These  results  indicate  a  probable  residual 
error  of  about  20  per  cent  of  the  total  ionospheric  correction,  which  normally 
represents  about  five  meters  range  error. 

2.  5.  2.  4  Transit  Time  Correction.  The  transit 
time  correction  (Appendix  J)  was  applied  to  the  ranges  (program  PASS3)  to 
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establish  a  consistent  time  base  for  the  observations.  This  correction  was 
applied  to  all  range  data  used  for  satellite  position  determination,  although  it 
is  only  required  when  orbital  prediction  is  to  be  employed. 

2.  5.  3  Internal  Consistency.  When  simultaneous  mode  data 
was  used  in  the  satellite  position  program,  an  internal  consistency  check  was 
made  by  performing  four  different  satellite  position  calculations  with  the  four 
sets  of  three  ranges.  Comparing  these  four  solutions  with  the  average 
solution  provided  a  measure  of  the  consistency  of  the  range  measurements. 

The  results  of  this  internal  comparison  showed  agreement  in  satellite  position 
within  a  few  meters  in  regions  of  good  geometry. 

2.  6  Determination  of  Orbital  Elements.  The  various  solutions  using 
orbital  mode  data  required  the  determination  of  the  position  of  the  satellite 
corresponding  to  the  time  at  which  the  range  measurements  were  taken  at  the 
CORDEX  site.  This  determination  of  satellite  position  depended  on  orbital 
prediction  techniques  based  upon  simultaneous  range  measurements  made  by 
the  three  known  stations.  From  range  data  taken  by  the  known  stations,  a 
set  of  orbital  elements  were  derived  for  the  orbital  prediction  program. 

2.6.  ]  Punch  Cards.  For  convenience,  the  equatorial 
satellite  coordinates  of  position  and  velocity  determined  from  measured  data 
were  punched  onto  cards  (program  SPUNCH)  from  the  satellite  position  (SP) 
tape.  The  cards  were  then  used  in  the  orbital  fit  program  discussed  in  the 
following  paragraph. 

2.6.2  Orbital  Elements  by  Least  Squares  Trajectory  Fit.  The 
orbital  prediction  techniques  employ  the  particular  set  of  orbital  elements 
known  as  injection  vectors.  These  are  the  equatorial  position  and  velocity  of 
the  satellite  at  a  certain  time  (injection  time).  The  choice  of  injection  time 
ususl’ty  corresponded  to  the  first  time  for  which  satellite  position  was  calcu¬ 
lated.  Thus,  the  measured  satellite  position  and  velocity  at  the  injection 
time  yielded  a  first  estimate  for  the  injection  vectors.  The  orbit  fitting 
technique  is  discussed  in  Appendix  K,  and  a  general  discussion  of  the  least 
squares  adjustment  techniques  is  included  (for  information)  in  Appendix  L. 

Orbit  fitting  (program  PCMPTJ)  consisted  of  adjusting  the  components  of 
the  injection  vectors  so  that  the  differences  between  the  measured  and  pre¬ 
dicted  equatorial  position  and  velocity  were  minimum  (in  the  least  squares 
sense).  The  method  of  obtaining  the  predicted  coordinates  is  discussed  in  a 
later  paragraph.  The  results  of  a  typical  orbital  fit  are  illustrated  in  figure 
2-6  where  the  equatorial  position  residuals  (differences  between  measured 
and  predicted  values)  are  plotted  for  the  samples  used  in  the  fitting  span. 

Similar  orbital  fitting  techniques  were  attempted,  fitting  only  to  the 
satellite  position,  and  directly  to  the  difference  between  predicted  and 
measured  ranges.  (See  figure  2-7.  )  However,  ail  of  these  techniques 
produced  similar  results. 
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TIME  FROM  INJECTION  (SECONDS) 

Orbital  Fitting  Residuals  Fit  to  Position  and  Velocity 


2.  7  Satellite  Position  by  Orbital  Prediction.  During  the  orbital 
prediction  pass  {program  GSORB)  the  injection  vectors  determined  from  the 
trajectory  fitting  were  used  to  predict  the  satellite  position  for  each  data 
sample  read  from  the  CORDEX  site  ES  tape.  These  data  were  then  packed 
on  a  predicted  satellite  position  (PSP)  output  tape  which  was  similar  in  format 
to  the  SP  tapes,  and  was  compatible  with  the  various  CORDEX  solution 
programs. 

The  actual  prediction  of  satellite  position  was  performed  by  numerically 
integrating  the  total  force  field,  or  by  numerically  integrating  only  the 
perturbation  accelerations  and  adjusting  a  two-body  reference  orbit.  (Refer 
to  Appendix  M.  )  Both  these  techniques  are  described  in  detail  in  Appendix  N, 
and  the  two- body  prediction  techniques  are  described  in  Appendix  O.  The 
perturbations  mentioned  refer  to  forces  other  than  the  two-body  central 
force  field,  and  include  the  second  through  the  ninth  zonal  harmonics  of  the 
earth's  gravity,  atmospheric  drag,  and  lift.  The  last  two  perturbations  arc 
discussed  in  Appendix  P,  although,  as  expected,  the  effect  was  found  to  be 
negligible  for  the  prediction  intervals  and  vehicle  altitudes  involved. 

The  primary  perturbation  arises  from  the  higher  order  terms  of  the 
gravitational  force  field.  The  gravitational  perturbation  was  calculated  using 
the  first  nine  zonal  harmonics  as  described  in  Appendix  Q  (subroutine 
GRAVITY). 

The  satellite  position  and  velocity  predicted  were  used  to  form  a  pre¬ 
dicted  range  and  range  rate  which  could  then  be  compared  with  the  measured 
values.  Figure  2-8  show's  the  comparisons  over  about  three  minutes  of  track 
for  orbit  50*1. 

2.  8  CORDEX  Solutions.  The  solution  for  the  position  of  the  CORDEX 
site  is  the  primary  function  of  the  Geodetic  SECOR  system.  In  processing  the 
data  two  types  of  solution  (3-3  and  3-2  CORDEX  solutions)  were  performed. 
Although  oath  of  these  solutions  may  be  performed  with  either  simultaneous 
mode  or  orbital  mode  data,  only  the  3-3  CORDEX  solution  was  actually 
attempted  with  orbital  mode  data. 

The  initial  computation  is  the  same  for  either  solution.  That  is,  the 
position  of  the  satellite  must  be  found  at  points  along  the  orbit  at  which  ranges 
to  the  CORDEX  site  are  available.  For  the  simultaneous  mode  data,  all  this 
information  was  available  on  the  SP  tapes.  In  the  orbital  mode,  the  satellite 
positions  were  found  by  orbital  prediction,  and  were  recorded  along  with  the 
corresponding  CORDEX  site  ranges  on  the  PSP  tapes. 

In  processing  both  the  CORDEX  solutions,  discrete  solutions  were 
computed  by  choosing  three  (or  two)  spans  of  data  and  performing  the  solution 
with  successive  triads  (or  pairs)  of  data  points.  The  resulting  solutions  were 
compared  with  the  mean  solution,  and  with  the  surveyed  position  of  the 
CORDEX  site  in  order  to  estimate  the  quality  and  consistency  of  the  solutions. 
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Figure  2-8.  Measured  VS  Predicted  Ranges  ar.d  Range  Kates 


2.8.  1  3-3  CORDEX  Solution.  In  the  3-3  CORDEX  solution 

(program  PASS4)  the  position  of  the  CORDEX  site  was  determined  by  trilat- 
erating  to  the  CORDEX  site  from  three  satellite  positions  using  the  correspond¬ 
ing  ranges  to  the  CORDEX  site.  The  mathematics  of  this  solution  is  identical 
with  that  used  to  solve  for  the  satellite  position  except  that  the  three  satellite 
positions  form  the  reference  sites  and  the  CORDEX  site  position  is  solved  for. 
(Refer  to  Appendix  F.  ) 

Figure  i-1  shows  the  geometrical  arrangement  for  the  simultaneous  mode 
3-3  CORDEX  solution  where  two  orbital  passes  are  used.  An  example  of  the 
results  of  the  3-3  CORDEX  solution  is  illustrated  in  figure  2-9.  In  this  figure, 
the  difference  between  the  CORDEX  site  latitude  and  longitude  determined 
from  range  measurements  and  the  survey  values  are  plotted  on  the  left.  Each 
point  of  this  plot  represents  a  solution  determined  using  a  different  triad  of 
satellite  Locations.  The  approximate  geometry  for  the  solutions  is  illustrated 
at  the  right.  The  geometry  for  this  set  of  solutions  was  good;  hence,  the 
distribution  of  solutions  is  quite  symmetrical.  Less  favorable  geometry 
tends  to  distribute  the  random  errors  within  an  elliptical  region. 

2.8.2  3-2  CORDEX  Solution.  The  3-2  CORDEX  solution 

(program  PASS432)  is  similar  to  the  3-3  CORDEX  solution  except  that  the 
height  of  the  CORDEX  site  is  assumed  to  be  known;  thus,  the  height  replaces 
one  range  measurement.  The  trilateration  to  the  CORDEX  site  requires  two 
satellite  positions  plus  the  height  of  the  CORDEX  site.  The  mathematics  of 
the  two- range  -  and- altitude  solution  is  derived  in  Appendix  F,  and  the  geo¬ 
metrical  configuration  using  one  satellite  pass  is  shown  in  figure  1-2. 

2.  9  Line  Crossing  Solution.  The  line  crossing  mode  illustrated  in 
figure  1-3  consists  of  determining  an  estimate  of  the  geodesic  (shortest 
distance  along  the  spheroid)  between  two  of  the  tracking  sites.  In  operation, 
four  sites  tracked  the  satellite  simultaneously  as  it  crossed  the  baseline. 

From  the  range  data  taken  by  three  of  the  sites,  the  satellite's  distance  from 
the  center  of  the  earth  was  determined.  One  of  these  three  sites  and  the  fourth 
site  formed  the  ends  of  the  baseline.  The  mathematical  details  of  the  line 
crossing  technique  are  contained  in  Appendix  R. 
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Figure  2-9.  3-3  CORDEX  Solution  Error  (Larson  AFB) 


SECTION  HI 

SUMMARY  OF  RESULT^ 

C 

3.  1  Introduction.  The  method  of  computing  the  unknown  site  solutions 
for  the  Geodetic  SECOR  USA-2  satellite  data  processing  did  not  weigh  solutions 
or  discriminate  between  them  on  the  basis  of  optimum  geometries.  Because 
geometry  bears  a  dramatic  relation  to  accuracy,  theoretical  error  propaga¬ 
tions  were  processed  which  corresponded  to  the  actual  geometries  used  in  the 
data  reduction.  A  comparison  of  the  theoretical  accuracies  and  the  observed 
results,  therefore,  provides  a  means  of  normalizing  solutions.  In  many 
solutions,  disagreement  can  be  anticipated  if  poor  results  are  predicted  in  the 
error  propagation. 

It  is  important  to  remember  that  the  theoretical  error  propagation  is 
based  on  a  statistical  model,  implying  a  large  sample  space.  Actual  solutions, 
on  the  other  hand,  are  discrete  cases  or  represent  an  average  over  a  relatively 
small  number  of  discrete  cases.  Observed  solutions  should  approach  the 
theoretical  predictions  in  characteristics  and  in  magnitude  over  many  solutions, 
provided  the  theoretical  error  model  is  valid.  The  theoretical  error  propaga¬ 
tion  does  not  take  into  account  that  the  standard  (in  this  experiment,  the 
assumed  position  of  the  unknown  site)  might  be  incorrect.  The  difference 
between  the  computed  and  surveyed  site  coordinates,  therefore,  includes 
some  constant  error  because  of  the  uncertainty  in  the  assumed  standard. 

( 

The  assumed  error  models  used  in  the  theoretical  error  analysis  are 
listed  in  table  3-1. 


TABLE  3-1 

ASSUMED  ERROR  MODELS 


3.2  Small  Quad  3-3  CQRDEX  Solutions.  The  base  stations  used  in  the 
small  quad  were  Stillwater,  Oklahoma;  Las  Cruces,  New  Mexico;  Austin, 
Texas;  and  Fort  Carson,  Colorado  (the  unknown  site).  Table  3-2  includes 
the  major  portion  of  the  COP.DEX  solutions  processed  on  the  early  USA-2 
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satellite  orbits.  SECOR  -  SURVEY  differences  are  the  result  of  taking  an 
average  of  a  sequence  of  actual  Geodetic  SECOR  solutions  and  subtracting  the 
U.  S.  Coast  and  Geodetic  Survey  geodetic  site  coordinates  from  this  average 
solution.  The  standard  deviations  shown  per  solution  are  computed  from  the 
residuals,  where  the  residuals  are  the  differences  between  each  SECOR  - 
SURY  ~Y  offset,  and  the  average  of  the  offsets  for  one  particular  solution. 

RSS  refers  to  root  sum  square,  and  indicates  the  composite  bias  and  noise 
error.  The  RSS  is  computed  by  squaring  the  mean  offsets  and  the  standard 
deviations,  adding,  and  taking  the  square  root. 


Hence, 


2  2  l/2 
rss  =  (La  +  Ls  ) 


whcrc  r  (a-1)2 

2  i=  1  1  , 

a  -  - = - r -  =  sample  variance 

n  -  1 


A  =  SECOR  -  SURVEY  residual 
A  =  average  residual 
n  =  number  of  individual  solutions 


SEP  = 

with  A  ,  A.  ,  A,  ,  a  ,  o\  ,  C,  expressed  in  meters. 

C  \  h  (f-  \  h  r 

Note  that  in  table  3-2  the  over-all  observed  results  fall  between  the 
theoretical  error  propagations  given  by  error  models  1  and  2.  The  control¬ 
ling  terms  in  these  models  were  the  system  and  survey  errors.  In  both  cases, 
a  base  site  survey  with  an  accuracy  of  4  ppm  was  assumed.  A  ranging 
accuracy  of  approximately  3  and  5  meters  was  used  in  models  1  and  2, 
respectively.  This  indicates  (nonconclusively)  that  over-all  accuracy  (rang¬ 
ing,  correcting,  processing,  etc.  )  was  approximately  ±4  meters,  and  site 
survey  was  approximately  4  ppm  for  this  quad. 

Several  solutions  which  were  processed  for  the  small  quad  are  not 
included  in  this  summary.  Deleted  solutions  were  adjudged  nonrepresentative 
either  because  of  geometry,  or  because  of  peculiarities  in  the  data.  Refer  to 
the  tabulations  and  listings  for  detailed  information  concerning  the  solutions. 

3.  3  Large  Quad  3-3  CORDEX  Solutions.  In  the  large  quad  3-3 
simultaneous  mode  CORDEX  solutions,  the  base  stations  were  located  at 
San  Diego,  Austin,  Grand  Forks,  and  in  some  cases.  Fort  Carson.  Larson 
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Air  Force  Base  in  the  state  of  Washington  was  the  unknown  station.  Results 
tabulated  are  in  the  same  format  as  those  presented  and  explained  for  the 
small  quad  operation. 

From  table  3-3  it  is  apparent  that  solutions  are  not  quite  as  accurate  for 
the  large  quad  operation.  The  error  propagation,  however,  predicts  reduced 
accuracy  for  the  geometries  used.  It  had  Deen  anticipated  and  proven  by  the 
error  propagations  that  the  large  quad  would  give  the  opportunity  for  improved 
geometries  and,  consequently,  improve  solutions  over  those  encountered  in 
the  small  quad.  In  the  actual  operation,  intervals  of  simultaneous  track  and 
the  selection  of  orbits  limited  the  geometries  that  could  be  used  to  obtain 
comparison  data. 

Considering  the  large  quad  results  with  respect  to  the  theoretical  error 
propagation,  improved  results  were  obtained  over  those  experienced  on  the 
small  quad.  As  a  test  criterion,  if  the  total  RSS  observed  is  divided  by  the 
theoretical  RSS  means  (using  error  model  one),  then  from  tables  3-2  and 
3-3, 


Small  Quad  Ratio  = 


Observed 

Theoretical 


16.  5 
14.  5 


1.  14 


Large  Quad  Ratio  = 


Observed 

Theoretical 


34.  0 
75.  7 


0.  45 


3.4  Orbital  Mode  3-3  CORDEX  Solutions.  Table  3-4  includes  the 
results  of  the  orbital  mode  3-3  CORDEX  solutions.  Sites  in  the  small  quad 
were  used  to  determine  the  satellite  position  and  velocity  to  which  injection 
vectors  were  computed  by  an  iterative  least  squares  technique.  Satellite 
positions  were  then  predicted  forward  to  times  synchronous  with  ranging 
observation  times  at  the  Grand  Forks  station.  With  the  predicted  satellite 
positions  and  the  measured  ranges,  the  position  of  Grand  Forks  was  computed. 
Error  propagations  of  the  Grand  Forks  CORDEX  solution  in  the  orbital  mode 
were  not  processed.  Solution  results,  therefore,  have  to  be  qualified 
subjectively. 

It  appears  that  the  reduced  accuracy  in  the  orbital  mode  has  three  primary 
sources: 


(1)  relatively  small  orbit  fitting  spans, 

(2)  system  and  base  site  survey  bias  errors, 

(3)  internal  timing. 

Small  fitting  spans  allow  any  error  in  the  data  to  upset  the  vector  fitting  and 
give  less  accuracy  in  the  injection  vector  determination.  The  forward 
prediction  will  then  deteriorate  rapidly.  Timing  error  arises  from  the  use 
of  independent  local  time  sources.  A  time  offset  will  mean  that  the  predicted 
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TABLE 

GEO0KT1C  SCCOR  USA-2  SATELLITE  "-3  CORDEX  SOLUTIONS  (S'MULTANEOUS  «OOC) 


STANDARD 

DEVIATION 


satellite  positions  and  the  measured  ranges  are  not  synchronous.  Time 
synchronization  is  not  encountered  while  the  Geodetic  SECOR  equipment  is 
used  in  the  simultaneous  mode.  System  and  survey  bias  will  give  a  slight 
misorientation  of  the  injection  vectors  and  therefore  will  affect  the  forward 
predictions. 

The  experience  and  extensive  testing  undertaken  in  the  d?ita  reduction 
and  computer  program  development  has  indicated  that  the  orbit  fitting  and 
prediction  techniques  are  extremely  accurate.  Over  the  intervals  of  pre¬ 
diction  and  fitting  used  in  this  reduction,  it  was  demonstrated  that  the 
analytic  methods  did  not  contribute  significant  error  in  the  solutions.  It  is 
thought  that  the  two  error  sources  of  fitting  span,  and  system  and  site  survey 
bias  error  effects  can  both  be  overcome  if  multiple  orbits  are  used  in  the 
fitting  procedures.  The  lever  arm  inherent  in  the  long  predictions  will  allow 
recognition  or  compensation  for  any  initial  misalignment  of  the  injection 
conditions.  Of  course,  care  will  have  to  be  exercised  to  assure  that  the 
analytic  model  and  techniques  of  prediction  and  fitting  do  not  then  become 
major  error  sources. 

3.  5  Satellite  Line  Crossings.  Table  3-5  is  a  summary  of  the  line 
crossing  solutions  and  comparisons  computed  from  the  USA-2  satellite  data. 

The  results  of  the  line  crossing  mode  are  commensurate  with  the  theoretical 
results  with  two  exceptions.  All  lines  measured  to  tht  Herndon,  Virginia 
site  are  long.  The  correlation  of  these  results  over  all  lines  indicates  that 
the  Herndon  site  is,  in  all  likelihood,  mislocated.  The  rms  errors  shown  in 
table  3-5  are  misleading  because  they  are  computed  from  the  differences 
between  an  ana'ytic  curve  fit  to  the  geodetic  distance  sums  and  the  observa¬ 
tion  computed  sums.  A  parabolic  form  is  assumed  in  the  curve  fit.  The 
geodetic  distance  sum  however  is  not  parabolic  due  to  the  earth's  rotation. 

Even  though  the  rms  error  is  quite  high  in  some  lines,  the  fit  is  representative 
at  the  crossing.  A  direct  comparison  between  the  computed  minimum  crossing 
from  the  analytic  fit  and  the  measured  data  shows  that  the  solution  is  accurate 
(to  within  one  meter  in  all  cases  processed). 

The  strength  of  the  line  crossing  solution  in  this  experiment  is  the  result 
of  accurate  ranging  and  the  accurate  determination  of  the  satellite's  distance 
from  the  earth's  center.  Use  of  a  ground  station  to  track  the  satellite  during 
the  crossing  allows  this  high  accuracy.  The  line  crossings  processed  here 
represent  the  longest  lines  ever  processed  and  clearly  demonstrate  the 
strength  of  the  technique. 

3.6  Large  Quad  3-2  CORDEX  Solution.  In  the  large  quad  3.-2  simulta¬ 
neous  mode  CORDEX  solution,  the  base  stations  were  located  at  San  Diego, 
Austin,  and  Grand  Forks.  The  Herndon  site  was  chosen  as  the  CORDEX  site 
with  its  survey  height  assumed  correct.  The  3-2  CORDEX  solution  was  then 
run  using  different  orbits  and  geometries  to  see  if  any  survey  bias  could  be 
detected.  The  possibility  of  such  a  bias  was  suggested  by  the  line  crossing 
results.  The  results  of  the  five  solutions  attempted  are  given  in  table  3-6. 
Because  of  the  relatively  short  baseline  obtained,  the  solutions  show  incon¬ 
clusive  results  in  latitude.  That  is,  the  standard  deviation  of  the  various 
latitude  determinations  from  the  mean  exceeds  the  average  latitude  offset. 

The  longitude,  however,  shows  a  rather  consistent  bias. 
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TAELS  *  — 

GEODETIC  SECOR  USA-2  SATELLITE  LINE  CROSSING  SOLUTIONS 


LINE  CROSSING  RESULTS  # 

1 

DRBIT 

NO. 

STATIONS 

SECOR 

m 

1 

1 

Hi 

OBSERVED 
RSS  m 

ft  *  '■Hi 

463 

Austin 

Ft.  Carson 

1,137,573.2 

1,137,559.8 

13.4 

5.6 

14.5 

25.8 

532 

Austin 

Ft,  Carson 

1,137,573.0 

1,137,559.8 

13.2 

65.0 

66.3 

25.8 

648 

Austin 

San  Diezo 

1,660,074.3 

1,860,051.9 

22,4 

9.0 

24.1 

15.0 

648 

Stillwater 
San  Diezo 

1,862,470.1 

1,862,456.7 

13.4 

3.2 

13.8 

15.0 

670 

Stillwater 
-San  Diezo 

1,862,473.4 

1,762,456.7 

16.7 

15.4 

22.7 

15.0 

808 

Stillwater 
San  Dieco 

1,862,449.4 

1,862,456.7 

mm 

12.3 

14.3 

15.0 

L131 

Stillwater 
San  Diezo 

1,862,457.0 

1,862,456.7 

0.3 

2.0 

mm 

15.0 

896 

San  Diego 
Herndon 

3,628,320.3 

3,628,265.0 

55.3 

0.5 

55.3 

9.6 

L401 

San  Diego 
Herndon 

3,628,315.4 

3,628,265.0 

50.5 

3.5 

50.6 

9.6 

1241 

San  Diego 
Herndon 

3,628,300.5 

3,628,265.0 

35.5 

13.1 

37, ft 

9.6 

1565 

San  Diego 
Herndon 

3,628,296.3 

3,628,265.0 

31.3 

mm 

■aa 

9.6 

1365 

Larson 

Herndon 

3,494,039.5 

3,493,993.6 

45.9 

3.5 

46.0 

10.3 

1365 

Ft.  Carson 
Herndon 

2,374,063.3 

2,374,034.5 

28.8 

29.8 

13.8 

1305 

Austin 

Larson 

2,641,159.4 

2,641,164.4 

-6.0 

2.7 

6.6 

11.4 

1305 

G.  Forks 
Larson 

1,675,760.5 

1,675,745.8 

14.5 

26.3 

30.0 

18.6 

1305 

San  Diego 
G.  Forks 

2,387,105.5 

2,387,098.2 

mm 

mm 

mm 

12.0 

1269 

San  Diego 
G.  Forks _ 

2,387,105.0 

_ 

2,387,098.2 

6.8 

7.3 

10.0 

12.0 

MEAN 

20.1 

10.8 

27.2 

14.3 

STANDARD  DEVIATION 

18.0 

_ . _ 

*  Lina  Crossing  Results  based  on  International  Spheroid 
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SECTION  IV 
RECOMMENDATIONS 
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4.  1  Introduction.  Techniques  of  data  processing  developed  in  the 
reduction  of  Geodetic  SECOR  USA -2  satellite  data  form  the  bases  of  a  second 
generation  set  of  solutions  and  operational  procedures  which  may  significantly 
influence  future  uses  of  the  Geodetic  SECOR  equipment.  Noted  below  is  a 
tentative  list  of  solutions  and  procedures  that  should  be  attempted  before  the 
present  processing  effort  is  terminated.  Observational  information  from  USA -2 
Geodetic  SECOR  satellite  tracking  is  thought  to  represent  the  most  accurate, 
consistent,  and  extensive  accumulation  of  satellite  positional  data  ever  taken. 

If  further  processing  and  extended  solutions  are  not  undertaken  in  the  near 
fu'.ure,  present  interest  and  experience  will  probably  dissipate . 

4.  2  Extended  Solutions. 

4.2.  1  3 -N  Solutions .  The  3-N  solution  is  an  extension  of  the 

solutions  discussed  above  in  that  all  available  data  is  included  in  a  least 
squares  solution  for  the  CORDEX  site  position.  This  type  of  solution  allows 
data  from  multiple  satellite  passes  to  be  included  and  eliminates  the  necessity 
of  using  discrete  solutions  over  limited  spans  of  data. 

The  3-N  solution  may  be  further  enhanced  by  including  weighting  based 
upon  geometry  and  an  assumed  error  model  plus  observational  noise  estimates. 
This  technique  emphasizes  data  of  low  noise  content  in  regions  of  good  geome  - 
try.  Preliminary  solutions  obtained  with  the  3-N  solution  indicate  that  stable 
solutions  may  be  obtained  where  either  all  three  coordinates  of  the  CORDEX 
site  are  adjusted,  or  only  the  latitude  and  longitude  are  adjusted. 

4.2.2  Analytic  Calibration.  An  attempt  should  be  made  to 
utilize  the  overdeterminancy  of  the  observations  to  adjust  not  only  the  coordi¬ 
nates  of  the  CORDEX  site,  but  also  to  adjust  the  calibration  of  the  range  data. 
This  technique  would  help  reduce  the  effect  of  calibration  drifts  (if  any)  in  the 
satellite  transponder.  This  type  of  adjustment  is  an  extension  of  the  technique 
used  during  the  aircraft  flight  tests  to  establish  range  calibration. 

4.2.3  Range  Rate  Solutions  .  Further  solutions  are  possible 
using  the  computed  range  rate.  The  range  rates  could  be  used  alone  or  in 
conjunction  with  the  measured  ranges.  These  solutions  should  be  investigated 
to  determine  their  relative  merits. 

4.3  Line  Crossing  Evaluation.  An  investigation  should  be  made  to 
determine  the  causes  of  the  line  length  offsets  which  are  evident  in  the  data 
where  Herndon  was  used  as  the  CORDEX  site.  This  investigation  should  in¬ 
clude  a  network  adjustment  based  upon  the  measured  line  lengths  to  determine 
if  the  errors  might  be  attributed  to  survey  offsets  at  one  or  more  of  the  track¬ 
ing  sites. 


4-1 


4.4  Ionospheric  Correction  Evaluation.  The  ionospheric  data  obtained 
by  using  the  dual  frequency  phase  measurements  should  be  further  investigated. 
Of  primary  interest  should  be  a  comparison  with  data  taken  by  other  means 
(e.  g. ,  NBS  ionosonde  records)  to  determine  the  accuracy  and  consistency  of 
the  measurements.  A  secondary  investigation  should  be  made  into  better  mod¬ 
eling  of  the  ionosphere  in  order  to  account  for  predictable  horizontal  variations 
due  to  the  solar  zenith,  magnetic  latitude,  etc.  Such  a  model  would  allow  a 
better  ionospheric  refraction  correction  to  be  made,  and  would  enhance  the 
accuracy  of  the  solutions,  particularly  at  lower  elevation  angles. 

4.  5  Orbital  Accuracy.  Further  investigation  should  be  made  into  the 
orbital  prediction  techniques.  In  particular,  investigations  of  orbital  predic¬ 
tion  over  larger  portions  of  an  orbit  and  also  over  multiple  orbits  should  be 
made.  These  techniques  are  vital  to  the  extension  of  the  orbital  mode  opera¬ 
tion  and  more  automated  techniques  of  data  reduction. 

4.  6  Operational  Orbital  Data.  The  large  quantities  of  data  which  can 
be  taken  by  the  operational  Geodetic  SECOR  system  require  more  sophisticated 
data  processing  techniques.  Use  of  predicted  orbital  information  could  pro¬ 
vide  a  valuable  basis  for  such  techniques.  For  example,  data  editing  based 
upon  orbital  prediction  could  reduce  the  chances  of  the  occurrence  of  offset 
edited  data.  Furthermore,  in  regions  where  only  two  trackers  were  locked 
or  within  line-of-sight,  all  range  data  available  could  be  used  in  an  adjustment 
program  for  the  orbital  elements. 
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CONSTANTS  .  .  .  .  Conversions  of  measurements  and  definitions  of  basic 
shapes  And  sizes  are  pertinent  in  data  reduction  procedures.  The  constants 
used  in  all  processing  and  in  earth  shape  and  spin  rate  computations  are 
given  in.  table  A-l. 


TABLE  A-l 


QUANTITY 


ONE  METER 


ONE -DEGREE 
ONE  NAUTICAL  KILE 
ONE  STATUTE  MILE 
VACO  VELOCITY  OF  LIGHT 


ONE  SIDEREAL  DAY 
ONE  MEAN  SOLAR  DAY 
EARTH'S  ANGULAR  RATE 


KOZAI  MODEL  OF  EARTH 
PRINCIPAL  GRAVITY 


SEKIMAJOR  AXIS 


S2MIMIN0R  AXIS 


FLATTENING 


DIMENSION 


2.28083333333  FEET 
C. 01 "45329252  RADIANS 
6076.10333333  FEET 
5280.00000000  FEET 
983569220.000  FEET/SEC 
3.1415926536 

86164  MEAN  SOLAR  SECONDS 
86400  MEAN  SOLAR  SECONDS 

m  B  .  .jn  mm 

we  1  SIDEREAL  DAY  86164  MSS 
cot  =  0.0000729212351  RAD/SEC 


G  *  32.14643177  FEET/SEC* 
a  =  6378165  METERS 
a  =  20925696.335  FEET 
b  *  6356783.287  METERS 
b  =  20855546.499  FEET 
f  *  1/298.3 


*Kozaif  Yo3hihide,  "Numerical  Results  fron!  Orbits,"  SrHhsonian  Institute 
Astrophysical  Observatory  Special  Report  No.  lot. 


CUBIC  CORPORATION 


A  sidereal  day  is  the  time  Tor  one  rotation  of  the  earth 

\ 

A  mean  solar  day  is  an  average  of  true  soler  days,  where  a  true  solar  day. 
is  the  time  elapsed  Tor  successive  intersection  of  an  earth  meridian  with 
a  sun  reference.  The  mean  solar  day  is  defined  as  24  hours  and,  corres¬ 
pondingly,  864OO  seconds. 

In  trajectory  predictions,  the  earth's  sidereal  period  defines  the 
earth's  angular  rate.  Most  local  and  universal  tine  is  expressed  in  mean 
solar  time. 


. '  m 
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UNITS  ....  The  formulae  for  development  of  two-body  trajectory 
predictions  and  partial  derivatives  are  conveniently  represented  when  units 
of  length  and  time  are  expressed  in  what  is  defined  as  canonical  units. 

The  values  of  canonical  units  for  near  earth  two-body  equations  aye  given  by 

1UL  =  one  unit  of  leiigth  :  *  a 

1UV  *  one  unit  of  velocity  -  VGA 

1UT  *  one  unit  of  time  *  1UL/IUV 

* 

where 

•  A  a 

G  *  32.14648177  feet/sec*,  the  principal  gravity 
term  in  the  Kozai  earth  model. 

a  *  20925696.335  feet,  the  earth's  equatorial 
radius  in  the  Kozai  cart:,  model.  * 

'.ROTATIONS  ....  .  Assume  a  right-handed  convention  (i.e.,  the  X  axis 
perpendicular  to  Y  where  a  90°  counterclockwise. rotation  of  X  rotates  X 
into  Y  and  the  Z  axis  is  normal  to  the  XY  plane)  for  all  coordinate  systems; 
then  the  following  set  of  simple  ro.fcations  will  reduce  the  complexity  of 
representation  in  each  reference  frame  used  in  trajectory  prediction  and 
vehicle  position  and  velocity  computations.  In  all  rotations,  the  angle 
of  rotation  is  measured  counterclockwise  from  the  new  axis  to  the  former 
axis. 

In  figure  A-i,  a  rotation  about  the  Z  axis  that  would  rotate  a  vector  in 
the  primed  into  the  unprimed  system  takes  the  standard  matrix  form. 
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•M-  = 


c.oe  A  -sin  A  Q 
sift  ,k  cos  A  0 
0  '  0  •  -1 


about  /,  to  local  eustr north 


(5) 


& 


S* 

;r 


* 


I 


I 


5  , 


■unc 


M.  = 


1  0  r-  0  • 
0  sin  -ft  -cos.  ^ 

|b  cos  p  sin  4> 

-sih  \  -cos  \  •  0 
c  cos  k  -siti  3 

V  0  0  1 


about  local  east  to  equatorial 
vertical 


about  equatorial  vertical  to 
!;  colinear  'equatorial 


>'L  =  m2!'‘1  =  loCGl  to  east-north-up  (LTJ; 

$G  =  ^  -east-north-up  to.  equatorial 

U\'G;  =  -0‘\  5  “  3oc^  tl  equatorial 


where 


(6) 


(7) 


(3) 


(.9) 


(10) 


Equatorial  «*_  axis  in  the  equatorial  plane  through  the 

%,‘enter  o,  mass  of  the  earth  and  the  Green vich 
meridian,  3f  axis  in  tne  equatorial-  plane  and 
90  counterclockwise  fro r  X,  and  the  2.  axis 
ulong  the  uxis  of  rotation  of  the  earth.- 

Vertical  =  the  Iplurb  line  or  normal  r0  the  local'  lines 
of  equipotenti&l  gravity  (GEOID) 

>.  =  geodetic  or  .geocentric  longitude  measured 
counterclockwise  >’ro:n  the  Green-rich- .meridian-, 

ft  *=  geodetic  (geographic)  latitude  measured,  from 
the  equatorial  .plane 

A  =  -azimuth  angle  of -'set  between  local  and  ENU 
«  ‘cdord.ihntQs 

b  =  vertical  misalignment  between  local  and  EfiU 
-coordinates.;  ' 
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//hen  it  is  necessary  to  translate  position  vectors  from  arbitrary 
local  origins  to  some  know  reference  point,  such  as:- a  bench  mark,  ^before 
transforming  into  equatorial,  inertial,,  etc. ,  the  following  convention 


will  eliminate  sign  and  sequence  'errors. 


R„  =  Ft .  +  1..-  R,„> 

N  0  00  No 


where 

li^,  =  vector  expressed  in  now  (N)  system 

Rn  ~  vector  expressed,  in  old  (0)  system 
1/ 

=  origin  of  old  system 
oO 

F..,^  =  origin  of  new  system 
w  O 

In  summary — ad.:  the  old  and  subtract  the-  new. 


CUBIC'  CORPORATION. 


APPENDIX 


RANGE  RESOLUTION 


'  'CubTcV'Co^jrattofaAS  ^DMB.  •eq^i]toent»>:aeft8ure-  slant  range  by  observing  theA 

phase  igbip  of  ;a  *C  signal*-,.  The  maximum  non-tobigu crus  range  obtained  from 

,•  •  -  >  , 

such  admeasurement  is •> determined. .-by  the  wav.elength  of  the  signal  while  the 
.preciaioiv.'is  deterai  ned  by  the  precision  of  the  phase  measuring  device, 

*  4  •*  /  k  *  *  *”S 

.  jn,  .pr^er' to’-haye  .long  range  tracking  capability  and  a  high  degree  of 

**’*.',  ~  *  w  ”  **"  *  *  * 

.prec.iblpn*.  the .  phase,  shifts.;  of  signals  at  two  or  more, .different  wavelengths 

*  ;  •  .  * v  ,  .  «*  >  " 

•  <are  measured',  • 


The 'data  output  by  most  DME  .systems  corresponds  to  two.  or  more  digital 
range1- words.  The  scaling  of  these  -words  is  chosen  .(4,  e.,  choice  of 
^frequencies’)-  so  that  the  -bit;  weightings  form  a  continuous  but  overlapping 

l-  j 

binary  *vord.  .  The:  ^overlap  is, chosen;  to  provide  redundant  information  for 

'  'S  \\  ~7  .  c "  7‘-  " 

-use  in  femoyiiig  introrChahnelVbias  !and  noise.  The  basic  assumption  is 

,  v.  ";r  7'’  s  - .yy  •  '  ■  * 

-  '  £  ..  v  -  *  >  ,  . ,  ■  _  ' '  s  .  <  ..  t  .  . 

;thht;j,tho-  combination .  of  ;intra^fennel  bias, '..and.  noise  will  not  .exceed  the 

.  -  *'  -  /,  ■  '  -  ;  ••  1'JJ  7’  *-  '.S’ 

V  overlap  ibits.  '  .  s*  .•  ' 

•'  '  '  '  ,y- ’  "O '  • 

In  order'  to.,illustr.ate!  a  imethodr  of  range- '.resolution,  a  tworchannel  ,(i.e,,, 

^  two,- frequency)  lh*  Figure*  Brl*  The  jrong*  ret-olution 

algp5itto  .will-.  be  shown  ior  'this  error, gemen t  f or  simp! i c Ity  but  the 
..j^nernl’izaiipn  :io  a~^lti%chatoei.:syftem  or  one  with,  different,  length 
'vrords  shouidRbe  obvious.  '  -  ' 


t  -Veighti^f  #%;'29'  -'28  27'  '2&  25  '2* 
imu,rs)  •’ 


(met.er^)1  ' 


«  !  EKM1S£H,  I  f.  pi O' f"  .{. 

. ,  .:2?:  ;2^;;-'2?:  S  2^  2°  2rl  2~2 


Fi;*ure  Brl>  Two-Char.nel  Rang*  Reaolutiba 


COARSE 


FINE 


:ibl'  CORPORATION 


Range  Resolution 


1.  Subtract  the  overlap  bits  adding  a  one  as  shown  to  force  a  positive 
difference. 


1  F  F  F 
8  7  '  0 

-  0  c,  c .  c. 


fine  overlap 


COARSE  OVERLAP 


b  x3x.  xx 


DIFFERENCE 


2.  add  the  difference  to  the  coarse  to  form  the  corrected  coarse  word 

discarding  the  carry  bit,  K.  Note  that  the  bit  X„i3  repeated  to  the  left. 


C3  °7  C6  C5  C4  C3  C2  G1 
X3  X3  X3  X3  "3  X2  X1 


u  •*'1  ^1  pi  pi  /»1  pi  pi  pi 

*•  '•'g  ^7  V1 


COARSE 


DIFFERENCE 


CORRECTED  COARSE 


3.  Combine  the  corrected  coarse  with  the  least  significant  bits  of  the 
fine  word  to  obtain  the  resolved  range: 

1111X11111111 

C„  C_  C,  C.  C,  C,  C0  C,  F,  F.  F,  F,  F.  'RESOLVED  RANGE 
0765432  1,  54321 


4.  r  or  another  channel,  say  a  VERY  COARSE.,  the  corrected  COARSE  now 

plays  the  part  of  the  FINE  and  the  V5RY  COARSE  the  role  of  the  COARSE 
in  steps  one  through  three. 


EXAMPLE  1 


1  0  0  0  1  0  0  0 


COARSE 


0  0  0  1  0 


1110 


FINE  OVERLAP 


1110 


DIFFERENCE 


cubic  corporation 


(Note  Xg=  1) 

;  1000  000 

1  /  1  C  1  •>  C  3.  i  0 


CC  «R3L 

^  Ir  ru'.r^L 

OO’rR  DOTED  COARSE 


1  0  0  0  0  1  4  0  0  0  10  1 


EXAMPLE  2 


1  0  0-0  1  0  0  0 
0  0100101 


RESOLVED  RANGE 


C/C  /i, /vjT/ 

f>:ie 


10  0  1 
-  0  Cl  0 

10  0  3 

(Note  X3=  o 

10001000 
■»  0  0  0  0  0  0  0  1 
1/100  CIO  01 


nil:  v-VERL/ii 
CCAr.Si:  CVERUi 
DlFfrf'.EI.'Ci.i 


OC'A.U.ii 
DIFFERENCE 
CORRECTED  COAhSa 


1  0  0  0  H  0  1  0  0  1  0  1 


r  Li/  Fiifvi  i  «jL 


AIH3IDIX  G 


DATA  EDITING- 


In  DMS  anc  AMr  Digital  r recessing  Units,  overlapping  frequency  or 
baseline  channels  with  successively  higher  resolution  are  processed  into 
a  single  word,  when  these  overlapping  words  are  combined,  high -noise 
levels,  inbruchannel  bias,  or  spurious-  bits  will  occasionally  give  a 
disagreement  in  the  channel  overlap.  Incorrect  overlap  can  cause  an 
ambiguity  it.  the  resolved  word  with  a  value  dependent  upon  the  bit  weight¬ 
ings  of  th?  overlap.  Ambiguities  may  simultaneously  occur  in  more  than 
one  overlap  position  to  give  some  combination  ct  integral  number  of  least 
significant  ambiguities. 

editing  data,  is  the  process  of  recognizing  and,  if  possible.,,  removing 
ambiguities  or  spurious  sampler.  The  *nree  types  of  events  which  occur 
in  the  data  and  are  cause  for  a  decision  during  pi i ting  ares 

1.  Ambiguities 

2.  iiois. 


3.  Lad  date 

An Liguities  cur  generally  be  reroved  from  cata  if  sufficient  nor.-unbiguous 
date  is  available.  Kcise  implies  randomness  and  may  be  rerneved  to  some 
extent  by  srro^tning.  tad  data  are  meaningless  data  which  cannot  be 
recovered  by  remrval  of  ambiguities.  A  limited  number  of  bad  data  points 
may  be  removed  by  replacement  based  on  a  prediction  with  dynamics  established 

Vi-VK  -  V»'C  V  v  V.  •  » O  G  »  _ 

The  ?r  cess  of  editing  iota  must  begin  with  some  criteria  for  finding 
"good  inf orra lion"  on  which  to  start  a  testing  procedure.  <ne  su~h  cri trri  n 
is  to  exa:  ir.e  spans  c“  data  for  an  average  .second  oif  'erer.ee  which  is  within 


C-l 


the  limits  of  the  dynamics  of  the  vehicle.  This  minimizes  the  possibility 
that  the  span  contains  ambiguous  or  bed  samples.  A  second  criterion  is  to 
begin  yibl)  an  estimated  data  point  and  first  difference.  Other  criteria 
may  be  dictated  by  the  particular  system  being  employed. 

Once  the ^criteria  for  "good  information1'  are  satisfied  the  basic  editing 
procedure  begins.  In  order  to  reduce  the  effects  of  the  target's  dynamics, 
the  editing  is  done  on  .the  first  differences.  Thus  only  acceleration  and 
higher-  order  rates  affect  the  data,. 

The  fundamental  decision  whether  a  sample  may  be  edited  or  not  is  made 
by  comparing  the  measured  first  difference  against  a  predicted  first 
difference.  The  predicted  first .difference  is'  computed  from  a  span  of 
previously  edited  date  using  a  linear  extre;  oiatld/u 
*  Trie  discrepancy  between  the  measured  and  computed  first  differences  is: 


P  =  predicted 

E  =  edited-  , 

.Since  all  measurements  are  subject  to  random  errors  (b ■) ,  ambiguities 
(nA^),  and  bias  (a),  then 

(AUPp  =  (Abj).!  ♦  T  *  true 

•Uj-  x  (UjXp  ♦  bi  +  nA^  t  A  ' 


(^i  ;T  f  +-a 


L(AU, ), 


"  ^i'T 


-  6*  t  r;A. 


'ei  *  L- '%  *  +'  Vl  ~ 

where 

n  ~  ^1,  ^2 .... 

and 

t  arfe  random  variables. 


it  is  that  if  the  render,  noise  .is  known  t>-  be-  snail  compared  to  A^, 

a  noise  tolerance  gate  rr.a y  be  used-  to  determine  the  acceptability  off  the 

I 

data  sample-.  That  is,  whether  chosen  ^r0R1 

some  knowledge  of  the  noise  content  of  the  data  (e.g. ,  the  3d  or  4a  value 
of  random  noise).  Any  sample  not  meeting  this  requirement  would  be  assumed 
to  be  bad. 

The  details' of  finding  +  nA^J  depend  upon  the  characteristics  of 

the  computer  used.  In  any  case,  ,n  *  rr^  j. 

\  *L  Nearest  Integer. 

Once  the  basic  decision  is  made  as  to  the  editability  of  the  sample, 
a  good  sample  is  adjusted  by  +nA^  and1  a  bad  sample  is  either  replaced  by 
a  predicted  value,  or  if  too  many  successive  samples  have  been  found  to  be 
bad,  a  new  search  for  "good  information"  is  initiated. 

A  flow  diagram  for  ar,  editing  procedure,  figure  C-l,  i  lustrates  the 
general  approach  and  sequence  cf  testing.  A  starting,  criteria  is  used 
which  tests  for  continuity  on  cihe  second  di  Verenccs.  Symbols  used,  in  the 
flow  diagram  are  defined  below.  \ 


NOTATION 


(Ul»  °2»  ,i,»  ~  “ 

,(.U2  -  Uv  u3  -  U2,  bj; 


ObFIN-ITICi-- 
Do  t&  Spar. 


X 


W  - 


-  first  differences 


N  -  -  —  -  Number  of  samples  in  data  span 

M  - - —  -  r-  -  —  —  -  -  -  —  -  -  Number  of  samples  in  starting  span 

Si  ■-t(AUi)p  -  Aa±j - Residual 

s-ii-s  ;  — - -  - - r  f  r  Least  significant  ambiguity 

h  =  -r~- - - -  -  -  Number  <r*  ambiguities  added 

n.  (or  removed)  ’mom  aato 

^h'f'ISL  ”  “  — - -  -  -  -  —  -  —  -  Noise  gate 

-  Maximum  averr  second  difference 

.  gate  Yv  stai 


-C 


DEFINITION 


\a£/  —  -  --  --  -  ■-  Number  o/  successive  bad  samples 

^bAD  Maximum  allowable  number  of 

successive  bad.  samples 

/^\?  c  Z  L'i+1  -Ab.l - Average  second  difference 


The  predict ?d  AU's  are  determined  by  extrapolating  the  previous  M 
edited  first  differences  using  a  least  squares  pclyndmj al  fit. 

because  of  the  finite  memory  available  in  computers,  long  tracks' must 
be  sectioned  into  blocks.  In  order  to  ..use  the  previous  history  of  the  data, 
the  blocks  are  overlapped  so  that  the  starting  procedure  begins  ort 
previously  edited  data. 

A  sample  of  data  editing  is  given  1*  Figure  C-2.  Jne  set  of  d,ata  has  a 
span  of  iCSrbiguous  samples  which  are  completely  removed  while  the  other  set 
has  a  span  of  bad  samples  which  are  replaced  by  predicted  values  until  the 
failure  counter  cxqpcss  the  limit  (five  ir.  this  case). 


Dt<  :  Kk  b 


APPENDIX 


LEAST  SQUARES-  MOVING  SPAN  COEFFICIENTS, 


SMOOTHING,  AND  DERIVATIVE-COMPUTATION 


If  it  is  assumed  that  a  set  of. data  tan  be  approximated  by  .an  arbitrary 
degree  polynomial,,  then  a  set  of  l’e.«.st  squares  weighting  coefficients  can- be 
precomputed  and  used  to  perform  the  curve  fitting.  The  general  form  of 
the  solution  for.  position-torposition,  position-to-velocity,  etc.  ,  least  squares 
smpothing  is  given  by 


where 


U.  -  the  input  data 

1  -  1,  2,  .  ...  n  r-  number  of  equally  spaced  data  points  in 
input  span  (i  is  odd) 

W.  .  least  squares  weighting  coefficients  which  yield 

AT  -  time  interval  between  data  samples 

L  order  of  derivatne  (e.  g.  ,  L  1  for  position  to  velocity) 

K  degree  of  polynomial  approximation 

/?  =  lead  of  output  point  or  position  of  output  point 

m  input  span  with  21-point,  mid-point,  first  degrev 
■zero  order  <■  efficients;  therefore,  f}  ?  1 1 n  =  2j ,  is  -  0, 
and  K  -  1 . 

u!“  -  least  squares  fit  at  S  point  in  input  span. 

(p) 


Weighting  coefficients-'*  are  given  by 


^''Manual  for  Moving  Polynomial  Arc  Smoothing,  "  by  J-,  ;K.  Sterrett, 
Ballistics  Research  Laboratories,  Nov.  1952. 


X, 


Where 


K  V  (i)  PL  .  (0) 
»t(K,L.«.W  >•£  .  v-%  'V  •• 


P  (i)  f/rthogonal  polynomials  oi  any  kind 
v,ly  a  v  '  '  "  - 

'■  r  i£ 

S  «  V  P  (i)  'the  sum  o£  tlu*  squares  of  the 
v,  n  L-4  L  v,  n  j  .  .  . 

j  .  1  orthogonal  polynomials 


P*"  (fl) 
v,  n  ■ 


XT  Pv.n(i> 

L 


A;  i  it  o.,  o  -thogonal  polynomials  for  \  -  0,  1.,2,3‘and  L  -  0,-1,  2  are: 


-tfV'  I 


p° .  s  .1 
o,  n 

*1>1‘  «- 

n  +  .i 

2  1 

'P1,P-  *- 

nrl  2  n"  -  1 

2  12 

Pj  n0)  =  -f 

j  ,:U  6 

r  ,  5 

,  nrl 

[<*-  2  >-(“ 

pl  =  ,0 
o ,  -n 

, 

P-}  1  ■ 

1,  n 

•  *  (i 

n  -4  1  , 

2  ’ 

ii-  hr!  .2 

[3  1*  -  2  >  * 

P“  =  0 
o,  n 

2 

P,  -  0 

1 ,  iv 

pi  --  z 

2 ,  n 

n  +  1  3n  -r  7 
2  M  20  \ 


(6) 

(7)  ' 

(3) 


(13) 

(H) 
(15.)  . 
(16) 


07) 


(19) 


is  defined  is  the  mean  reduction  factor,  G.  This  factor  is  the  root  sum 
square  of  n  smoothing  coefficients,  and  serves  as  an  index  of  noi6e  reduction 
of  the  output  point  due  to  polynomial  smoothing.  By  using  the  mean  reduction 
factor  one  can  intelligently  select  the  appropriate  data  span,  degree  of  fit, 
and  output  point  position  to  obtain  optimum  refinement  of  noise  reduction. 
Tabulations  of  mean' reduction,  factor  for  various  input  spans,  three 
different  degrees,  and  three  output  point  positions  are  shown  in  tables  D -2 
and  D -3  for  position -to -position  and  posit  ion -to -velocity,  respectively.  In 
addition,  figures  D-l  and  D -2  plot  the  variations  in  mean  reduction  factor  values 
with  variations  in  lead  point  {8)  for  a  25-point  span  and  third  degree  fit 
for  position-to-position  and  posilion-to-veiocity,  respectively.  In  the  case 
of  position-to-position  smoothing,  optimum  output  point  position  for  first 
and  third  degree  polynomial  least  squares  fit  is  the  mid-point  indicated 
by  absolute  minimum  value  of  C.  For  second  degree  smoothing,  either 


the  one-quarter  or  three-quarter  lead  point  position  is  ideal  due  to  the 
filter  symmetry.  Further  representations  of  thistype  of  analytic  filter 

\ 

are  shown  in  figures  .D-3  through  r:-rll  uhich  sprite  the  filter  characteristic 
response  curves  to  a  unity-amplitude  sin  >  wave  for  the  25-,f  51'-,  and  iOh- 
point  span  for  the  three  degrees. 
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TABLE  JL>-2 


- 

.  POS IT ION -T0-P0S I T ION 

"MEAN  REDUGTI0N  FACTORS" 

EP 

ISSl 

LEAD 

FIRST 

— 

;  SECOND 

THIRD  * 

m 

bh 

? 

:  DEGREE 

DEGREE 

DEGREE 

B 

o  , 

6 

.30151 

.45548 

.45548 

B 

9 

,415609 

.41700 

.53545 

B 

0 

11 

. 56407 

,  ,  V 

.76185 

.88894 

21 

0 

11 

.21822 

.32795 

.32795 

21 

>  16 

.28390 

-.29351 

.39109 

21 

0 

21 

.42130 

.59691 

.73759 

B 

<0 

16 

. 17961 

.26965 

.26965 

0 

24  : 

.24096 

.,24429 

. 31901 

1 

0 

31  ? 

.35069' 

.50584 

.63959 

41 

0 

21 

:  . 15617 

.  234*37 

.23437 

41 

1 

31 

.20447 

..  2/1050 

.27877 

41  ■ 

0 

41 

.30672/ 

.44655- 

.57165 

51 

»  0 

1 

.27599, 

" 

.40413 

.52133 

•'51 

26 

.14004 

.21012 

.21012 

51 

0 

44 

.22120 

.23441 

.24362 

51 

0 

51 

.27600 

*40413 

.52133 

<  75 

0 

38 

. 11546 

. 17323 

.17323 

75 

■o 

c 

57 

.15362 

. I5646 

.20530 

75 

'  0 

75 

.22865 

.33737 

.439/72 

101 

51 

.09950 

.14926 

.14926 

101 

|^kR| 

|  76 

.13107 

-  .13435 

.17729 

101 

RB 

101 

.19753 

.29269 

.38368 

B 

0 

76  . 

.08136 

.12207 

.12207 

B 

114  5 

.10798 

.11015 

,  . 14476 

B 

1 
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,16196 

•24Q94 

<  .31760 
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Ai-in;Dix  f  ■ . 

Lha'.TiS-KKV, R EXCEL  CCOP.DINATE  SYSTEMS 

Equatorial  Coordinate-  System  (X^ ,  Yy,  Z. ) 

The  equatorial  coordinate  oyster;,  h  a  right-handed  Cartesian  system 
with  origin  at  the  earth's  center  o.“  mass.  The  pop*  live  ZT  axis  is 
oriented  along  the  earth's  rotational  axis  toward  the  north  pole.  The 
X.  axis  lies  in  the  equatorial  plane  and  passes  through  the  prime  meridian 
and  the  earth's  center  o mass.  The  positive  Y.  axis  lies  in  the 
equatorial  plane  and  is  9'>°  oounterclcckvisf.  'ro"  X,_ ..  (Se>«  figure  V*l«) 

Geodetic  Coordinate-  System  (o.  \.  h] 

Geodetic  coordinates  art  expressed  in  terns  of  spheroidal  angles  and: 
the  height  above  the  spheroid.  Longitude  (\;  is  the  angle  in  the  equatorial 

plar«:  cetween  the  X  axis  aid  the  ^projection  of  the  radius  vector. 

*  '*  ■  £» 

Longitude  is  measurec  positive  In  a  counterclockwise  direction  from  the 
positive  X^  axis.  Geodetic  latitude  is  the  angle  subtended  with  the 
equatorial  plane  by  the  normal  to  the  spheroid  which  passes  through  the 

f 

point.  The  height  is  the  distance  o  ’  the -point  above  (>or  belotf)  the 
spheroid  measured  al  mg  the  local  normal.  (See  figures  f*l  lix):  M«) 

Conversion  between  Geodetic  and  equatorial  Coordinates  v 

V 

Conversions  between  the  geodetic  and  equatorial  coordinate,- 'systems 

*' 

depend  upon  the  spneroid  constants  used  to  represent  the  eartiu  As  a 
matter  o.’  com?r.or.  definition,  the  earth  is  assumed  to  be  an  ellipsoid  of 
revolution  about  the  polar  axis.  This  figure  may  be  defined  by  specifying, 
the  semi-major  and  semi-ninor  axes,  a  and  b  respectively.  The  general 
equation  .’or  un  ellipsoid  \v>: 


CbbIC  GOI.KMTICN 


Further  purer  curt'  of  the  ellipsoid  t  re  defined  as: 


(D 


(2) 


i(3) 


where  t  -  e  *  cer.tr  i'ci  ty 
”  =  flattening 

\ 

.  S 

It  is  of  tor.  necessary  to  convert  the  (ti'Z,  equatorial  coordinates  of 
a  point  into  geodetic  latitude,  longitude ,  and  heigh f*  The  following 

i 

•equations  give  the  conversion  between  geodetic  and  equatorial  coordinates. 
It  can  be  shown  that 


b 


(4) 


IL  “  (N  +  h;  CCS  -0  ccs  X  (5) 

xi 

Y  =  (:<  ♦  h)  cos  p  :sih  X  (6) 


o  =  LIi(l  ~  ♦  h]  sin  b  (7) 

n 

Determination  of  geodetic  longitude  Von.  the  -equatorial  coordinates 
is  giver,  by 


with  the  appropriate  quad  ran  t  selected  from  the  signs  of  X.  and  Y-,. 


1  Schreiter,  .7.  o. ,  fne  heed  tor  Space  rectangular  Ooorclnatea ■  in  Modern 
Geodetic  Opera t Ions ..  t'r.e  lhV  3tute  University  research  Foundation, 
Project  Ilo.  3%  Astla  *ATl-’*n'538.  . 
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APPENDIX  F 


Let  (XYZ)p  (XYZ)2,  ond  (XYZ)^  be-  the  locations  o.‘  three  distance 
measuring  equipment  (i.e.,  DME) -  sites  relative  to  some  local  coordinate 
system.  Let  (XYZ)  be  the  unknown  cartesien  coorciinales  of  the  vehicle 
relative  to  this  same  coordinate  system  and  R^,  R^,  R.,  are  measured  slant 
ranges  to  the  vehicle. 

The  basic  equations  relating  thulmeasured  quantities  to  the  vehicle 
position  ares 

R2  -  (x  -  Xx)2  ♦  (y  -  Yl)2  ♦  (2  -  Zx)2 

F2  «  (x  -  X2)2  ♦  (y  -,Y2)2  ♦  (*  -  Z2)2  0=1) 

'  R2  *  (x  -  X^)2  ♦  (y  -  Y3)2  (2  -  Z3)2 

The  solution  ch’  this  set  of  equations  may  be  obtained  by  eliminating  unknowns 
by  successive  substitutions;  however,,  the  resulting  solution  is  rather 
complex  and  has  sign  ambiguities  due  to  the  quadratic  nature  of  the 
equations.  A  simpler  solution  is  possible  if  a  temporary  coordinate  system 
is  used.  This  temporary  system  has  its  origin  at  one  of  the  three  trackers— 
say  site  one  so  that  Xy  =  Yy  =  Zy  =  0,  Axes  of  this  system  are  oriented 
so  that  the  X'  -  Y'  .plane  contains  the  other  two  trackers  (i.e.,,  Z2'  *  Zy  *  0} 
The  orientation  of  the  X'  and  Y’1  axes  is  arbitrary  ..since  the  results  will  be 
transformed  back  to  the  original  system.  The  transformation  from  the 
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Solving  2or  ter.  ^  end  tan  °<  gives 


-  ZJL 
_  2  j  3  2 


tan  1  *  x  i'  -  X  v 

AoAn  Arv  j 


tan  c<  » 


x,z,  -  x.zj! 

*W  2  4  1  cos  "3 

x  y  _  x  y  008 15, 
a21?'  3  2- 


aith  ten  )  and  ten  °<  known,  the  T  rotation  matrix  can  be  computed. 


»&en  the  primed  coordinate  system  is  used,  the  basic  range  equations 


becomes 


2  2  2  2 
=  x*  +  y  t  a* 


F»2  *  (x1  -  X^’  /  ♦  (y1 


*  (x*  -  X3*)“  +  (y* 


V>*  z,‘ 


Y  1  ‘  ^  ♦  -  I  ? 
/  ♦  <- 


fubtract*. \g  ’^uation  (41)  from  »quutiO’is  (1?.)  and  (1^) 

*  2  (R2  -  R1  -  rl  '  Vx’  *  V>'! 

-  •*  (P2  -  P  2  -  r2;  =  X  'x‘  +  X  'y' 

2  3.1  y  3  3 

2  2  2 
where:  r,,  -  X, '  ♦  Y^' 

Stiving  the  linear  system  in  x'  and  y'  by  Cramer's  male, 

■  (R,  ~  K  +  riP  ^2* 

X’  *  k  O'2  -  R2  *  r2)  Y3' 


V  I 

1  “2 

V  •  a  '■**— 

-Y  2A 

*0  V  I 


(F2  -  F2  +  r2) 

,c2  ..  .,2  2, 

(V  V  *v 
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(17) 


Expanding  and  grouping  the  constant 

ler:r.s  gives 

- 

2  2  2 
x*  =  K/*  +  i-iq  r  K,R*  ♦ 

** 

(18) 

y'  =  K«.R^  ♦  K6p|  ♦  K?f3  ♦ 

(19) 

si  ■  &  <v3  -  *;> 

K?  “  ^  (X2  "  'X3} 

R>  - ,  £  wy 

K6  =  2L 

(20) 

K;  =  ^  (I2' 

"a  1  /«•»  *, 

r*7  “  2&  u2' 

8*  ■ 

"B  =  “2r  5  "  V2' 

and  with  x'y*  known,  zr  ;o>y  be  i’ound  by 


a1 


(21) 


In  moat  applicatiene  the  sign  oi'  z'  is  easily  determined.  For  example, 
with  ground  based  trackers  and  an  airborne  vehicle,,  z'  would  be  positive. 

The  solution  in  the  primed  coordinate  system  can  be  trans  t’ormed  into 
the  unpriced  system  as- I'ollows: . 


622) 


vherer 
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iMsJkagga.  aid  Ufofa.  iff.  ll 

Let  (XYZ)^  and  (X.XZ)2  be  the  locations  of  two  distance  measuring 

f' 

equipment  (i.e. ,  DME)  sites  relative  to  some  local  coordinate  system. 

Let  (xyz)  be  the  unknown  cartesian  coordinates  of  the  vehicle  relative  to 
this  same  coordinate  system.  Furthermore,  let  R^,  R2  be  the  measured 
slant  ranges  to  the  vehicle  end  let  h  denote  the  altitude  of  the  vehicle. 

The  basic  equations  relating  the  measured  quantities  to  the  vehicle 
position  are i 


*1  ■  (x  -  Xx)2  ♦  ,(‘y  Yx)2 (z  -  Z^2 

R2  -  (x  -  X2)2  ♦  (y  -  Y2)2  +  (z  ^  Z2)2 

R2  ■  (p^  ♦  hh  )2  +  (p  +■  h)*"  -  2.(p^  ♦'  <h^)(p  h)  cos  •]) 

where:  coal  A  ■  ■*'-  •*. 1  •  - 

y  fp  *  h 

It  is  assumed  that  the  altitude  of  the ^vehicle  (h )  is  sufficiently  small 
so  that  the  local  deflection  of  the  normal  does  not  introduce  a  significant 
error.  (s»e  figure  F-l.) 
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( 


The  above  system  of  equations  may  .be  simplified  by  transforming  to  a 
temporary  cartesian  coordinate  system.  This  system  is  denoted  as  the 
primed  system  ana  is  defined  as  follows*  (1)  center  at  one  of  the  tracking 
sites  (site  1)}  (2)  z*  axis  along  the  radius  vector  from  the  center  of 
the  earth;  (3)  the  y r  axis  is  normal  to  the  z'  axis  and  oriented  such 
that  Xg*  "0j  (4}  the  x1  axis  completes  the  right-handed  cartesian 
coord  liate  system. 

The  transformation  to  the  primed  system  is  given  by; 


r'  =  T* (r  -  ft^) 


*•  • 

X 

h 

where:  r'  ** 

y' 

»  r  * 

y 

,  *  ■  h  ‘ 

t 

(  Z* 

_  - 

z 

A 

T 


<  cos  X  sin  X 

-sin  <<  cos  X 

0  0 


0 

O' 

1 


( 
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The  above  set  of  equations  in  the  primed  system  1b: 

R2  «  X'2  +  yl2  +  2'2 

R2  -  x'2  +  (y *  -  V2)2  *  ( 2 1  -  Z»)2 

R2  1,5  ^P1  *  hl^2  +  +  h^2  “  2>(pi  T  h-l^pl  +  hi  +  z'^ 

This  set  of  equations  is  not; soluble  in  closed  form  since  the  radius  of 
the  earth  ~(’p7  at-  the  latitude  of  the  vehicle  is  not  known.  An  iterative 
solution  is  used  where  initially  it  is  assumed  that  p  *  p^.  The  resulting 
solution  may  be  expressed  in.  latitude,  longitude,  and  height  relative  to  some- 
spheroid.  Using  this  latitude,  a  new  approximation  of  p  may  be  computed 
and  compared  with  the  previous  value.  The  solution  is  iterated  until 

-  p^V<  L-iNIT ,  where  LIMIT  is  some'  specified  convergence  limit. 

The  .solution  of  the  above  equations  for  a  given  p  proceeds  as  follows t 

(-1)  The  third  equation  is  solved  for  z'= 

(p  ♦  h)2  -  (p.  ♦  h.}2  -  R? 

.  — - 1...-.  *  T  1 - *  : 

2(px  + 

(2)  Subtracting  the  first  two  equations: 

R2  -  R2  «=  -2Y!  y»  -  2Zi  z *  ♦  Y'2  ♦  Z'2 

(3)  Solving  for- y' ; 

R2  -  +  H2  ♦-  Z'2  -  2Zi  z' 

v«  «  Jk - 2 - 2 - - 2 - 

2Y  • 

-2 

,(4)  Solving  the  first  equation  for  x': 


F-B 


CUBIC  CORPORATION 


The  solution  in,  the  primed  system  for  a  given  p  is  complete  except 
for  the  sign  of  x'.  This  sign  ambiguity  resulte  from  the  quadratic  nature 
of  the  basic  set  of  equations  and  must,  be  resolved  by  a  knowledge  of  on 
which-  side  of  the  base-line  the  vehicle  lies. 

The  solution  in  the  primed  system  (r*)  may  now  be  transformed  back  into 
the  original  coordinate  system  byt 

r  -  TT  •  r'  ♦  Kx 


The  latitude  of  the  vehicle  must  now  be  determined  from  r  by  using  the 
relationsnip  between  the  unprimed  coordinate  system  and  the  equatorial 
system., 


where  a,  b,  e  are  the  semi-major  and  ssni-minor  axes  and  eccentricity  of 
the  reference  spheroid. 
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•  Empirical-  formulae  for  refraction  correction  may  be  computed  quickly  aid 
require  a  minimum  amcimt  of  meteorological  de.tr.  for  their  .use.  •cecav.ee'i 
of  these  features,  empirical  formulae  are  useful  when  high  accuracy  is  hot 
the  primary  requirement.  Given,  here  are  empirical  refraction  correction 
formulae  that  require  only  the  index  of  refraction  at.  the  surface,  maximum 
range  adjustment  at  zenith  and  zero  elevation  angle..  The  tropospheric 
^refraction  correction  is  accurate  to  about  10  per. cent  cf  the  correction. 

The  retards  Lion  in  range  due  to  propagation  in  the  lower  atmosphere  is  given  '--. 
approximately  by* 

K.  (1  -  e"ZK; 

AR  =  sin  £  +  !K.,  cob  b  ^ 

o  2  o 


where  ^  2.6  meters.-. the  tropospheric  refraction  at.  zenith 

K,  0.0836. ....... ..a  control  constant 

?,  =  1/(22500  ft)... -.a  control  constant 

R  =  slant  range  in  feet 

£  =  incident  elevation  angle 
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Angular  bending  in  the  '»ertical  plane  is  given  :ty 

A*  =  1  -  rr  (1  -  e’Za;J  2  j(no  -  l):(t  +  (2) 

where  "Y  -  control  constant 

t  -  (1  kj*  tan*'  3o')1/2  -  Y  tan  3&'  1  <b) 

n  ^  1.000560. .  the  surface  index  of  refraction 
0 

Corrected  range  and  elevation  angles  are  giver.  Ly 
n1  =  R  -  j\g. 


Figures  1  and  2  illustrate  typical  values  of  A*f  one  Ad  ss  a  function  of 
elevation  angle  when  the  vehicle  is  above  75  km  altitude.  For  comparison, 
values  for  Aa  and  A*  !W3ing  the  ChPL  Exponential- Reference  Atmosphere* 
plot  ed  (circled  points)  in  .figures  C-l  and  G-2. 


*  Bean,  9. R.  and  Thayer,  G.D.,  CRPL  EXPQH*«1A1  ATMOSPHERE.  National  ftireatt 
of  Otandaria  Monograph  4,  October  29,  1959. 


ELEVATION  ANGLE  (DEGREES.) 


;  CUBIC  CORPORATION 

APPENDIX  H 

ANALYTIC  IONOSPHERIC  CORRECTION 

The  correction;  for  the  range  retardation  due  to  ionospheric  effects  is 
given  byt 


\  ■■ 

Ip  r  *1 

N  x  lO-*^  •  maximum  electron  -density  of  the  layer  in  (electrons/meter  ) 
f  ■  carrier  frequency  in  Mc/Sec. 

H  «  height  of  vehicle  inaeters 
Ho  »  height  of  N  in  meters 
E  ■  elevation,  angle 
K  ■  an  empi rical  constant 

4  »-  n*  •  ■  control  constant 

~ilii 

H,,,  1L  ■  upper  and  lower  heights  in  meters’  of  the  half  values  of 
the  electron  density  profile 

T  •1/(50,000  meters) 

The  corrected  range  is  given  by:  s- 


RC  *  ^  “  AR 

* 

The  general  form  of  this:  correction  may  be  deduced  by  assuming: 

1.  the  refractive  index  for  the  ionosphere  is  given  by» 

Mtyz.x.  ULUm  , 

r 

♦ 

*  "Processing  and  Analysis  of  Azuse  MK  II  Data;*-  General  Dynamics  Astronautics 
Technical  Report  Ho.  AE  60-0017,  by  A.,  Saastad  and  F.  C.  -Forbes,  10  June  i960. 
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2.  the  altitude  dependence  of  the  electron  density  is  given  byi 


H 


3.  the  flat  earth  approximation,***:  horizontally  stratified  ionosphere. 

The  form  of  H(H)  model  is  shown  in  figure  H-l  and  a,  comparison  with  atneasared 
profile  is  shown  in  figure  H-2. 

The  range  error  due  to  ionospheric  .effects  may  be  written: 

AH  -  r  N(H)dr 

^  1  i*  o 


Integration  yields: 

40.3'  R  ii 

AH  -  — o - — 

wf  sin  E 


This  expression  is  the  same  for*  as  the  final  -range  correction  formula. 
The- additional  term  in  the  denominator  and  the  exponential  term  are  added 
to  agree  more  closely  to  experimental  results  ‘at  low  altitudes  and  low 
elevation  angles. 
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The  parameters  of  the  model  generally  vary  as  a  function  of  the  local  time, 
sunspot  activity,  latitude,  and  various  other  factors.  In  order  to  fit  the, 
assumed'  model  for  K(H)  to  existing  conditions,  two  parameters  are  adjusted 
using  the  measured  range  corrections  from  dual v frequency  range  measurements. 
The  two  -parameters  adjusted  are  N  and  K  plus  a  calibration:  constant. 

i  L 

The  normal  equation  associated  with  the  observation  1st 

(lxl)  (1x3) (3x1) 
cU  **  BQi’j  lr->K 


where*  L^]  =  (^  -  ♦  Keftl)1 

sr,  T  a  MS  MSl 

-  “  P  “Foal  3!!o  3K  Ji 


The  partial  derivatives  of  are: 


dfP 

*  —  i 

dK  . 
c  a* 

M  * 

#  • 
c 

ON 

li 

0 

-O 

ML  . 

Op. 

_ 2 _ 

•-dK.  ~ 

3in  £  +  K' cos'  E 

tR  =  range  correction  calculated  from  model. 

=  range  correction  from  dual  frequency  range  measurements. 
K  -  ,  *  calibration  constant  for  aR... 

C€ti  .  *  " v  n 
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The  least  squares  solution  for  i_D]  wl-th  n  observations  is  given  byi 


"'he  adjustments  to  K  are  added  and  the  process  Iterated  until, 

the  adjustments  become  small. 
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-  APPENDIX  I 

i  )  ■  'DUAL  FREQUENCY  IONOSPHERIC  CORRECTION 

The  Geodetic<,SECGR  system  has  a  built-in  method  for  determining  the  phase 
shift-  of  the  signal  due  to  interaction  with  the  ionosphere.  In  the 

simplified'  derivation  of  the  correction  technique  given  below,  the  following 

-  « 

assumptions  are  made*. 

1.  The  carrier  frequencies  ore  much  greater  than  the  gyromagnetic 
frequency  and  the  effective  electron  collision  frequency. 

:  't 

2.  Tne  modulation  frequencies  are  sufficiently  close  to  the  carrier 
frequency  so  that  the  differential  phase  shifts  may  be  ignored. 

A.  similar  derivation  may  be  performed  without  using  these  assumptions,  but 

the  mathematical  complexity  is  much  greater  and  the  results  are  not 

*€  *  ~ 

h  -  ' 

"v  significantly  chenged  for  frequencies  used;  by  the  system. 

The  Geodetic  SECCR  ground  stations,  transmit  a  single  carrier  frequency 
to  the  satellite  transponder,  The  transponder  generates  two.  return  signals 
which  are  Initially  phase  coherent  with  the  signal  received  at  the  satellite. 
The  carrier  frequencies  used  in  the. Geodetic  3EC0R  system  are: 

•fj-  «  f  =-  420,0  mc/sec 
f 2  *  f  ♦  fjf  449.0  mc/sec, 
f ^  *  "^f  =  224. 5  me/ sec 

The  corresponding 'frequencies  expressed,  in 
above  by: 

*  2  n-!  x  10^. 


(1). 

radian/sec  are  related,  to  the 

;(2) 


^  p 

f 
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Under  assumptions  (1)  and  (2),  the  effective*  index  of  refraction  for'  the 
ionosphere  nay  be  written: 

l(.)  .  1  _a£lxl  -..ial 

nu;  i  ,2  *  *1  m 

10 

e  *  electron  charge  *  4.8  x  10“^  e3u 

-28 

in  =  electron  .mass  ■  9.1  x  10  gm 
!i(r)  =  electron  density  (electrons/cc) 

The  total  phase  shifts  referenced  to  along  each  one-wuy  path  may  be 
written  ass 


<3) 


( 


'  o  L  dr 


r 

i\t>2  •  *£  r.(o  4  A  m)  dr 


A»3  ~  “  J0  r.(*-<oo  )  dr 


(4) 


’’heri  the  total  two-way  phase  shifts  are  given  by: 

r 

AfP-2  a  *  -Vr2  s  c  4  tn(co)  t  n(-;)  J};].  dr 


(S) 


_ -r 

A; 23  *  A?2_  +  AfJ>3  *  c  ir.C-jj)  ♦  r.(<*0)J  dr 


(  , 


Substituting  tlie  functional  form  of  n: 


A*,,  -  2  *  fr  dr  -  a  fr  ]  dr 

12  c  °  '  0  o2  (co  +  A  o)2 

v,  -«•  2®  fr  dr  -  ^  fr  4  JfaiXrf.  -t  TtfiCgO  .-1  c*, 
aJ13  4  c  b  ar  c  l  L‘  2  .2  2  J  Pr 


*  i) 


(6) 
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In  equations  (6)  the  first  tern  is  the  phase  shift  which  would  be  observed 
in  the  absence  of  the  ionosphere.  Then-  the  phase  shifts,  along  each  path 
due  to  ionospheric  effects  ere  .given  by: 


‘ I*  1  Qa 


1  ♦ 


f  N(r)  dr 

"0 


Nov  let: 


(i  *  H2 

qj 

‘  -^i1'  jj  (c-  "(r)  dr 
-i  ■  a  •  *> 


I  *  Jc  f.'(r)  dr  a  integrated  electron  density 


(?) 


m 


.Then: 


art* 

i  +  -^)  i 

p 

•= 

!  <•%>* !  - 1  ‘ 

i ♦  4)  i 

o(- 

• 

Row  the  relative  phase  shift  (yijj  - 

(?) 


difference  (K)  is  determined: 

‘••‘/r13  "^.12’  ~  $  L  ^i3  'i  **  to?i2>ii 


X  a  (: 


(10) 


--“ill h  - i  -  ^  ]  i 

Zq  AT 


Solving  for  1: 


n 

tt  .. 

•v 


(11) 
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Having  determined  li  the  range  error  due  to  ionospheric  effects  is  given  byj 

c  :(1  ♦  *4) 

“Vl  -  -  -a-  K  (12) 

'  O  *  3/ 


For  'the  Geodetic  3ECGR  system* 


*  -  0.534 


5  ■■  1.067 
K  =  V  -  VFIC 

so  that  ),.  *  0.715  K  and  the  corrected  range  is* 


■  K,.  -  <AR„),. 
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_  g  J  .  - 

U*  '  TRANSIT  TIME  GCPJiECTION 

The  purpose  of  the  transit  time  correction  is  to  associate  with  a 
set  of  simultaneous  range  data  a  meaningful  time.  That  is,  a  time  vhich 
represents  the  "measured  time." 


At  time  (figure  /-I  }  the  read  pulse  is  sent  from  the  satellite 

transponder.  Due  to  the  finite  velocity  of  propagation  C.,  the  two  stations 
will  record  the  range  at  times  t^  and  V  respectively.  Assuring  C  IS 
constant  over  the  two  paths  j 


It  is  clear  that  the  times-  and/or  the  ranges  must,  he  adjusted  if  the  time 
reference  is:  to  correspond  to,  the  vehicle  .position.  \ 
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tne  approach  would  be  to  use  the  measured  ranges  and  adjust  the  times. 
In  the  simplified  figure  above,  -  -  Rj/C  ahd,At2«  r  R2/C.  The  resulting 
times  W  r  and  t,  ♦  At~  would  be  equal  and  correspond  to  tQ.  The  -, 
resulting  time  scale,  however,  would  be  non-linear  and  vary  with  geometry 
(i.e.,  with  changes  in  the  ranges), 

A  second  approach  is  to  adjust  the  measured  ranges  to  correspond  to 
one  of  the  recorded  times.  Suppose  the  time  at  station  1  Is  to  be  used  as 
the  reference.  The  measured  ranges,  however,  correspond  to  time  t  ,  Using 
the  Taylor's  expansion  about  tQj 

Ri'/oi} -W +  %(’4‘o)(‘i  '  V  *  2  W<V- 10)2  +  ••• 


Using  the  relation  between  arid  Lq  above; 


Ri(h)  “  Fi(toi  '  hjAai  .  «  r,  (t„)  .  ... 


For  the  second,  range; 


Rg^i^  *■ "2^*0^  *  ^o'^W'  +  2  “  to^  '  * 


n2(t1).  r  R2,(to>  ♦  R2(to) 


R-i  (t  )  -j  ••  R-i.^tj. ) 

r.  •  J&m.  ,  i  D  (  f  ■  n.-f.— .  + 

C  2  *'2'  o'  '2 


The  range  adjustments  are: 


R,R.  R.R.2 

AR-i  *  jr1  ♦  *  ... 

l  c  2C2 

t  \  ••  o 

-R;R.  R.R. 

■.a  _  + 

,_r.2  —  r  T  2  T  •  •  • 

2o 


In  general. 


AS  -  '5iJl  .  ■  rJ  .. 

G  ‘  2C  2 
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APPENDIX  K 

TRAJECTORY  FITTING  XO  POSITION  AND/OR  VELOCITY  DATA 


Injection  vectors  (RQ,  VQ )  are  initial  conditions  at  some  time  (t0)  of  a 
vehicle  in  freefall.  When  R0,  V0  arc  known  as  a  function  of  position  and 
velocity  and  all  accelerations  affecting  the  vehicle's  motion  are  sufficiently 
well  behaved  as  to  be  representable  as  functions  of  position  and  velocity 
also,  then  the  position,  velocity,  and  these  accelerations  eah.be  predicted 
as  functions  of  time  (t.).  Trajectory  fitting  consists  of  establishing  adjust¬ 
ments  to  R  Vq  such  that  the  trajectory  computed  from  these  injection  vectors 
will  satisfy  some  fitting  criterion.  A  least -squares  fit  would  be  satisfied 
when  the  sum  of  the  squares  of  the  difference  between  computed  and  measured 
data  (i.e. ,  residuals)  at  each  point  along  the  trajectory  was  minimum. 

To  formulate  a  leastrsqiiares  trajectory -fitting  procedure,  assume  that 
the  cartesian  position  and  velocity  vectors  (R0,V0)  of  the  vehicle  are  known  at 
points  along  the  trajectory.  A  set  of  condition  equations  can  then  be  formed 
to  give 
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whurir  (,Xm  -  Xc-),  -.etc .  n  ro  disc  repancy  \  ectors  £  and  \^.  v^,  etc.  are 
-the  residuals  to  be  in.  ni  mi  zed, 

or  In  matrix  form 


HI  *  C  *  v 
where 

M  - 


Q1  %. 

=  two-body  partial  derivatives  of  vehicle's 

Q_  Q  I  p- sit Ion  and  velocity  vithjespect  to  the 

^  '  infection  vectors,.  R  and  V 

“  ’  o  o 


\2) 
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*  adjustments  to  injection-  vectors 


(4) 


(5) 
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if  the  trajectory  is  to  be  adjusted  only  tc  measured  positions  or 
only  velocity  components ,  then  for  a  position  fit,  the  M  matrix  of  equations 
(7)  and  (8)  has  the  form 

(3x6)  . 

K  »  Q.2j  "  (12) 

and  for  a  velocity  fit  - 

(3x6) 

*  Ui,  Q  ,1  '  (13) 


K-4 
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Constraining  the  adjustment  of  Injection  vectors  to  only  the  Rq 

elements  or  V  will  reduce-  the  M  matrix  to 
o 

(3x3) 

M  *  Ql  (14) 

for  R  position  adjue  ”ent  and 
o  •  ,  . 

(3x3) 

M  -  Q4  (15) 

for  an  adjustment  to  cr.ly  V,  .. 

o 

When  the  observational  data  or  the  adjustment  is  constrained,,,  the 
weighting  matrix  and  the  discrepancy  vectors  must  correspondingly  be 
modified. 


ML  to  MML  DAT  A 

It  is  not  essential  that  the  cartesian  coordinates  of  the  vehicle  be 
used  in  a  fitting  procedure.  A  fitting  directly  to  observational  data  can 


be  formulated  by  the  condition  equations  of  (1)  in  the  form 


30BS,  . 


JOBS,  fiOBSy  . 

to  ♦  i\i  ♦  ....  ♦  ~ Hto  -  '(OBS.  -  OBS  )  -  V. 

0  92  0  1  cl 

o  . 


dX  ““o  '  3Y 

O  0 


aoBs, 

—ty  1  ■  AX  ♦ 

ax  o  - 


(16) 


3'jBS 

“aT1  * 


ao«s  . 

.  >  -rrr*  IYI  -  (OBS  r  OBS.)-  »  V 
92  0  n  C  r 
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where  OD3  *  arbitrary  observation. 


For  example ,  w  condition  .equation  for  a  slant  range  observation  which  Is 
to  be;  used  in  adjusting*  Ro  and  V;  will  be 


m. 


9R,  3R  •  8R  .  3R  .  dR  . 

AY.  ♦  ^  AZ.  t  -r1  AX..  ♦  ^  AX.  ♦  -r*  AZ_-  (R,  -  R,  )  ?  Vr 
o 


-lx  /iXo  *  aT  mo  T  «T  u"o  T  TT  “V  T  IT  Uio  T  T*-  °*o~  vul  '  ‘V  "  % 

o  ox  01  oZ  me  1 

O  0  0 


(17) 

,A  system  of  equations  similar  to  (17)  can  be  formed  with  each  range  or 
other  independent  observation  taken  to  a  vehicle.  Weighting  the  solution 
or  constraining  the  adjustments  follows  the  schemes  shown  above  for  vector 
•fitting. 


The  assumption  of  14'hesrity  implicit  in  the  condition  equations  (l)  is 

^  .  C.'—  * 

not.  sufficiently  correct  to  avoid  using  an  iterative  solution  in  the  least 
Squares  fitting  procedure.  This  condition  usually  means  that  all  measured 
-data  used  in  a  fitting  procedure  be  stored  er  retained  for  the  successive 
iterations  of  the  adjustment.  In  most  problems,  the  amount  of  data  used 
in.a  solution  is  less  . significant  than  the  relative  independence  of  the 
observations  (1 . e . ,  the  effective  geometric  variability  of  sampling). 

The  above  methods  of  trajectory-  fitting  have  proven  very  accurate  using 
two-body  partial .derivatives  (for  near  earth  trajectories)  to  form  the 
condition  equations  of  (l) .  Precision  methods  of  trajectory  prediction, 
which  take  into  account  ail  significant  perturbative  accelerations,  are 
usid  to  compute  the  discrepancy  vectors  (l.e. ,  the* computed  R.  V  ),  Two- 
body  partial  are  representative  enough  to  establish  convergence  of  position 
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and  velocity  vectors  to  within  a  hund  redth  of  a  foot  and  a  thousandth  of 
a  foot  per  second  In  three  iterations  for  most  trajectory  fitting  spans  of  -■  , 
up  to  400  seconds  of  data.  This  does  not  imply  that  the  trajectory  is 
known  to  this  accuracy,  which  is  of  course  determined  by  the  measured  data 
quality  and  accuracy. 

When  the  adjustments  of  injection  vectors  are  in  any  way  constrained > 
then  it  is  accepted5 that  any  unsohed  for  adjustment  will  be  distributed! 
in  the  solution  in  such  a  way  as  to  satisfy  the  imposed  least -squares  criterion. 
However,  in  any  practical  problem,  not  .ill  observational  biases,  parameter 
offsets,  etc.  ,  can  be  either  anticipated  or  modeled  adequately  to  allow,  for 
their  solution.  A  natural  constraining  is  therefore  implicit  in  any  adjust¬ 
ment.  The  problem  is  to  define  the  compromise  between 'const  raining  and, 
adjusting.  Over-const  raining  will,  cause  an  unnatural  distribution  of 
error.  Over  adjustment  will  reduce  the  st  rength  of  a  solution  by  adding 
unknowns,  which  will  in  turn  increase  the  amount  of  correlation  between 
'foments  in  the  adjustmr  nt  and  result  in  a  useless  sympathetic  adjustment. 

An  evaluation  of  residuals  out  a  large  sampling  space,  combined  with 
careful  analysis  of  the  adjustment  based  on, experience,  is  the  most 
practical  way  of  verifying  an  adjustment  scheme.  -  ; 


Observations  refer  to  quantities  measured  directly  by  seme  equipment., 
Parameters  are  computed  from  observations.  An  example  of  independent 
“observations  would  be  three  ranges  measured  to  some  vehicle  when  the  ranging 
equipment  are  located  at  different  sites.  The  cartesian  XYZ  coordinates  of 
the  vehicle  would  be  parameters  which  could  be  computed  from  the  independent, 
observations. 

Any  observation  will  consist  of  the  true  value  and  some  aggregation 
of  error  terms .  Error  terms  will  include-  noise,  cyclic,  and  bias.  Errors 
are  grouped  into  categories  customarily  based  on  their  frequency.  As  a 
matter  of  definition,  cyclic  errors  are  perturbations  in  the  data  with  a  ' 
time  occurrence  period  greater  than  10  and  less  than  100  seconds,  Noise 
will  be  considered  as  spurious  data  with  period  less  than  10  seconds. 

Biases  are  essentially  constant  or  can  be  represented  by  some  analytic  form 
composed  of  constant  terms.  A  measured  observation  could  be  expressed 
mathematically  by 


Up  *  lT  +  ^0  r  v  • 


(i) 


Where 


measured  observation 


l'T  =  true  value 

AL'0  *  aggregation  of  biases 


residual  (noise  and  cyclic  error) 


----- 

>u 

AUn 

^  2 - 9.  Ab 

o 

~b-  . 

\  } 

-  ,UC 

AUC 

-  Z  - -  AP 

'P  -=•-  : 

Ab 

obserxational- bias  adjustments 

AP  : 

?-  pa  ra  met  e  r  adjust  me  nt  S 

As  n  matter  of  convenience .  equation  (4)  can  be  written  :n  mat  rix 

•  .  '  '  ’  .  _  ^  "  . 

notation,  ‘thus , 

%  v  AAb  -  I'AP  ■  C  (^) 


\  l.in'tr ized  i'om!n:'.'n  oqu.itinn  similar  to <(.<•)  can  be  formed  for  each 

*  i 

observation  which  .s  to  filter  ,nt*»  a  solution.  When  more  independent  obsor- 
\  »t.ons  e\i"t  than  unknowns  n  the  -solution,  the  assemblage  ol  condition 
eqo.it  -in-'  must  be  miKkI  to-  satisfy,  some  statistical  or  comergence  criterion. 
A  m  overdet*  rmnmd  set  of  condition  equast  »ons -exist-,  then  the  com¬ 

posite  si  t  are  expressed  as 


aj-J  upon  -  oipli-ns iiic 


\  •  Q  ,A  -  <  ') 

It  is .assumed  initially  that  the  system  of  equations  (7)  will 
remain  linear  over  the  sampling  space.  The  condition  equations  are  also 
approximations  in  that  secortd  and  higher  order  derivative  terms  are  deleted 
from  the  expansion  in  equation  (4).  -Wher.  the  first  order  approximations 
of  derivatives  are  not  sufficiently  representative,  it  becomes  necessary 
to  iterate  the  solution  to  equation  (?'.  fn  ih«  it  ratc.-c  procedure,  computed 
adjust i- i  nl «  in-  s'-qu*  uided  to  the  ’.nJt.il  e*  tinru»-t‘t*s  of  the  parameters 


and  the  observations.  _ 

To  obtain  a  s'  la.tion  for  the  sy3terr  o  ‘  equations  given  by  (7),  some 
criterion  must  be  established.  A  general  least  squares  solution  can  be 
derived  from  equation  (?)  and  the  multiyariate  normal  distribution  function 
for  a-  set  if  statistically  independent  observations.  The  multivariate 


probability  density  for  statistically  independent  observation*  is  given  by 


f ( r, ,  r„ ,  ....  r  ’»  «  i«iyS?(o  .  EXP“^  - - 

3  l  \  r  , 


L 


where 


r  l  ’  r<i  -  ■  '  Tg  4  a; -set  of- -statistically -independent 

observations  unsamples 

'  -  'j.  sampu*  mean 

S 

II  -  take  products  from  i^l  to  S 

i.  I  .  ' 

<1  .  .  , 

C_  -  variance  oi  observations 

-  5ri  _  . 

In  the  adjustment  of  data,  the  problem  is  to  establish  the  means  or  para¬ 
meters  of  a  distribution  so  that  the  probability  density  function  is  maximized. 
To  maximize  the  probability,  the. exponents  of. the  density  function  in  equation^ 
(9)  rliust,  be  minimized.  Rew  riting  the  exponent  to  be  minimized  gives 


G  -  2, 

i-ll  ar 


or  in  matrix  form 


* 


do) 


T  -1 

g  -  v1  a  1  v 


S  x  S 


where 


la7*  0  ■  * 

rl 

0  a2  » 


1  •  0 
'  ' 
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0  -0 


rl  "  rl 


<  4 


Ts  "  rs 


•  a 


?S- 


(11) 


*-  matrix  of  variance  of 
observations 


(12) 


matrix  of  residuals 


%  -1 

-2 


refer  to  matrix  transpose  and  inverse,  respectively, 
sample  variance  ~ 


_  Fr^rr  equation  (10)  it  is  seen  that  the  solution -which  maximizes  the; 

density  -Junction  (9)  is  the  solution  which  makes  the  weighted  aum.oi*  the 

squares  -u‘  the  residuals  a  n.irirrur,  where  the  weighting  is  the  inverse 
variance  r;'  the  observations. 

*ith  the  [Tutrix  o:‘  observational  variance  given  by,  equation  (12), 
then  Jror.  the  two  equations  in  two  unknowns,  V  and  A,  namely 

t  *  C 

\\ 

and 

T  -1 

_V  a  V  »  G 


where 


*  See  pages  112-IIa  ,!5CS  Cate  Technical  Report  No,  39 5"  by  D,  C,  Brown, 
20  August  1957.  " 


It  can  also  be  shown  that  when  the  minimization  condition  specified 
by  equation  (10)  is  satisfied,  then  the  accuracy  of  the  final  adjustments 
to  the  observations  and  parameters  will  be  given  by  the  matrix  of  covariance 
given  by 


i  n>  _-i  v 

N  *=  [-Q1  -a  L  Q] 


(18) 


For  the  case  where  the.  parameters;  being  adjusted  are  the  cartesian 
coordinates  of  some  vehicle,,  then  K  ^  has  the  >'or:r 
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=  matrix  of  variance 
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:  of  the  adjustment 

.  >  ■  rs  and 
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/JZY 

4 ' 

*.■  •  3a->r;  *  i  ■  1  -> 

_  t*»3 

(19) 

The  square  roots  of  the  diagonal  elements  of  the  inverse  normal  equations 
given  by  (i&V  are  the  projections  of  the  error  volume  on  the  axis  of  the 
respective  [coordinate  axis  being  considered  and  are  customarily  considered 
the  standard  deviations  of  the  solution,  components.  The  covariance  matrix 
(18).  therefore  defines  the  solution  distribution  when,  an  oyerdetermined 
set  of  observation;?  have  been  used  in  the  solution  adjustment.. 

It  should  be  emphasized  that  satisfaction  of  equation  (10)  is  para¬ 
mount  before  the  distribution  given  by  (18)  is ralidv  In  many  solutions, 
conditions  can  exist  which  preclude  satisfactory  convergence  to  a  meaning- 

- -  fi  lie  4  —  L  w  u-  fl  n  ^ly  n  ‘-OIV  "t'hS'  ChiirC  jjtcr  ^2  ft 


normal  equations  will  therefore  have  little  merit.  If  elements  in  the 
adjustment  are  highly  correlated  (i.e. ,  appear  similar  end  mathematically 
inseparable)  or  if  insufficient  analytic  variation  exists  in  the  observations. 


then  j  scible  aOiuti  m  may  not  be  possible.  The  adjustment  may  even  satisfy 
the  residual  minimization  c  rifcerion  over  some  limited  sampling  space.  The 
end  condition  is  th.it  the  minimum  criterion  be  satisfied  over,  the  entire 
sampU  spa.  c  ,  which  should,  in  turn, be  adequat  e  tp  insure  validity  of  results. 
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APPENDIX  M 


NUMERICAL  INTEGRATION  ....  In  the  most  el,emeri«iry  two-body  trajectory 
predictions,  tt  is  possible  to  develop  and  use  a  closed  analytic  form  of  the 
prediction  equations.  When  precise  trajectories  are  to  be  computed,  all 
accelerations,  including  perturbation  terms  sucb  as  aerodynamic  drag  and 
lift,  earth's:  asymmetric  gravity  field,  etc,.,  must  be  integrated,.  Closed 
form  .analytic  expressions  which  describe  a  body's  motion  in <a  complex 
perturbation  environment  do  not  exist.  The  nature  of  perturbations 
usually  dictates  that  they  be  represented  in  a  series  form  which'  in’  turn 
will  not  have  explicit  integrals.  Successive  numerical  approximations  or 
numerical  integrations  therefore  are  conventionally  used  to  evaluate  at 

least  some  portion  of  the  dynamic  equation.:  used,  in  precise  trajectory 

.  -  ■  > 

computations. 

There  are  no  absolutely  preferred  methods  of  performing  numerical 
integration.  The  method,  used  is  usually  specified  by  the  characteristics 
of  the  functions  being  evaluated  and  the  associated  available  information, 
which  njay  aid  the  solution.  A  popular  numerical  integration  procedure 

-  r 

used  in  trajectory  prediction  computations  is  -that  termed  Runge"4"  - 
Kucta  ~  Gill -Linear  Lifferential  Solver.  This  method  nas  boen  used  and 
tee  led,.,  "but  isnot  described  herein, 

in  practical  applu  .itions  where  llu  hi^h- order  derivative  i s>  assumed 

iine.tr.  it  was  demonstrated  that  equivalent  results  c  mid  be  achieved  by  a 

1  '.Yiuthematu  al  Methods  for  Digital  Computt  rs,  **  A.  Ralston,  H  Will, 
published  by  John  U  iU  y  and  Sons,  Inc.  .  Mew  York.  I9(>0,  panes  liU-ljl.O 
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It'^s  invoPeci  procedure  based  on  expanding  thg -dynamic  function  in  a 
faylor*i>  "cries  about  an  initial  point.  Successively  incrementing  and 
re- 1 stabliilung  initial  conditions  of  the  expansion  yields  the  desi  rcvd  in¬ 
tegration.  Huh  c  the  dynamic  e  quations  are  written  in  the  power  scries; 


.  2  *  ^3 

a  t.  t, 

rs  .if  i  .  0  L..  0  J^r 

°1  -  So  +  Vo  H  +  2  +  6  -  +  •  •  •  * 

'  ,  2 
a  t; 

V  =  V  +  a  +  "°V'  -*• "  ♦  .  .  .  . 

1  o  o  1  2 


where  S  ,  V  t  a  ,  a  =*  the  initial  .position,  velocity, 

0000  acceleration,  and  acceleroBity  at 
time  t  =  0. 


The  po3itio:i  ar.i  velocity  at  sone  later  time  t£  will  be  given  by 

4 .2  ;  ,  3 

^i  v/  81  t2 

“2  ~  ^.1  +  V1  fc2  +  ?2  *  — 6 -  +  •  •  •  • 


•/  s  y  R  *  ..  + 

2  1  L  'Z  2 


and  30  on,. 

when  tne  above- method  is  used  to  perform  numerical  integration  of 
the  dynamic  equations  cT  a  vehicle,  it  is  assumed  that  the  acceleration 
and  at  least  the  aocelerosity  term  (i.e,-,  rate  of  change  of  acceleration) 
can  be  evaluated  at  each  initial  position.  Positions  and  velocities  are 
carried  forward  in  the  sequential  computation.  In  simulations  where 
thrusts  are  applied  to  the  vehicle  which  are  not  predictable  from  the 
environment  (predictable  accelerations  are  gravity,  drag,  etc,),  then  these 
terms  must  be  incremented  and  carried  forward  in  the  compi  tation  of 
position  and  velocity. 


M-2 
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~  RECTIFICATION  AlfD  PREDICTION  INTERVALS  .  .  ;  .  The  rectification 
interval,  is  the  time  ever  uhlch  a  prediction  is  made  before  initial 
conditions  are  re-established.  Prediction  interval  is  the  total  time, 
over  which  a  prediction  is  to  be  carried. 


Rectification  and  Prediction  Intervals 


From  figure  .Mr  1  the  rectification  and  prediction  intervals  are,  .respectively 

M  «  (tin  -  t4)  (5) 

PI  *  (t-.  -  :  .  (6) 

RI  Pl/n  -  .  (7) 

where  -n  -  the  number  of  time  segments  used  to  form  the  prediction 
interval 

The  equation  ->f  motion  given  as  equation^  (l)  and  (2)  above  describe 
the  physical  environment  over  only  a  limited  region,  thus,,  there  is  a  require- 
tuent  to  rectify  the  prediction  equations  frequently.  Accuracy  tolerances  and 

the  manner  iriwhich'the  equations  of,  motion  .are  used  vill  regulate  the  selection 

M 
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of  a  rectification  interval.  For  example,  when  the  Encke’i  method  of 
predit  tion  is  used  (it.,  numerical  integration  of  perturbation  terms 
only  and  anal', tic  closed  form  computation  of  reference  trajectory-),  the 
ui  celesration  and  higher  order  terms  are  small  and  the  rectification  interval 
can  be  iiu  reused  with  little  degradation  in  accuracy. 
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APPENDIX  >i 


MCKE'S  AND  CC /ELL'S  METHODS  OF  TP.AJ.oCrur.Y  PREDICTION 


Consider  tne  total  accelerations  acting  on  a  vehicle  which  is  not 

under  powered  flight  to  be  composed  of  a  primary  term  with  a  summation 
»*■ 

of  generally  lesser  perturbation  term;  hence, 


A  =  0  +  XX 


A  =’  components  of  total  acceleration 

0  =  principal  components  of  acceleration  which  are  due 
*o  the  earth's  symmetric  mass 

u  ■=  perturbative  accelerations  due  to  earth!*  asymmetric 
p  mass  distribution,  atmospheric  drag,  aerodynamic 
lift,  etc, 


To  preserve  continuity,  the  components  of  acceleration  are  taken  to  be 

projeoisd,  along  the  XYZ  axes  of  an  inertial  coordinate  system  which  is 

coincident  with  the  equatorial  earth-^fixed  coordinates  at  epocll  {i.e., 

the  X.^  axis  i-r.  ue.  equatorial  plane- through  the  earth's  center  of  mass 

.and  the  jSreenwieh  meridian,  Y^.  axis,  in  the  equatorial  plane  ana  90° 

counterclockwise  from  X.^,  and  axis  along  che  polar  rotational  axis). 

If  the  accelerations  given  by  equation  (!'  can  be  predicted  as  a 

function  of' time  and  position,  and  the,  position  and  velocity  vectors  of 

"the  vehicle  are  known  at  an  initial  time  t_,  then  the  trajectory  can  be 

»  ( 

computed  as  a  function  of  time.  It  should  be  remembered  that  initial 
considerations  and  the  dynamics  are  as aimed  known. 
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EMCXL'S  MEl'HtD  ....  The  method  of  predicting  a  reference-trajectory 
based,  on  two-body  notion  and  then  adding  adjustments  computed  by  numerically 
integrating  perturbation  terms  is  referred  to  as  Encke's. 

A  technique  similar  to  Locke ' a  has  been  developed  and  tested.  The 
peculiarities  of  the  technique  are  described  in  the  following.  {See  fifwe  *-l>) 


PLFLELKCE 

TKAJbCTCnY 


•ACTUAL 

TRAJECTORY 


Figure  N-l 


Encke 1  s  F.e  ferenc 


ir  R  V  fire  the  position  and  velocity  vectors  expressed  in  inertial 
oo 

coordinates  at  epoch  time  t  and  the  value  of  0  of  equation  (1)  (with 
the  associate  seihift&Jor  axis  of  the  earth)  is  used  to  define  the 
canonical  units  cf  length  and  time,.,  then  two-body  position  and  velocity 
predictions  at  time  t.  are  given  .by  . 


v  *  r  •  ♦  v  e 
1  'I  o  * 


VT  -  Rof  ♦  Vcg 


where  f ,  g,  f,  S  *  two-body  integration  constants 


Rofor  to  appendix  0.  Two-Body  Tra^fttory-  Prediction 
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The  actual  position  and  velocity  sectors  at_t^  will  now  be 


r.j-  *  -Kj,  +  ZjR 


Vv  *  V-  +  aV 


where  &R,  IV  =  adjustments  due  to  perturbations. 


.«en  the  P.^V0  are  initiator  rectified  points  along;  the  trajectory,  then 


£s  .]  ,  SL 

«  _ £cA-r  _ Eobt^  ♦  .  .  .  . 


tW'«  (^do  jit  t  l^_£o4t2  ♦ . . . . 


utyere 


*0  ®  perturbative  accelerations  at  R 

•>  Iz  .  It 


-0  =  .oorturbative  accelerations  at  R, 


It  =  the  rectification  interval 


/  *  K  *  _  ■* 

<.4  - 

L 


beceuse  al-lrperturbatior.  accelerati *ms  ere  a  function  of  position  ana 

v 

velocity,  the  R  V  are  used  to  compute  *— 0^  and  correspondingly  p  V 

y  _  !'c  v't 

are  used  to  compute  d  .  The  assumption  of  linear! tv  ir.  fend  that 

D,  -  ’  P 

1  ✓  rO 

higher  order  terns  in  the  series  rf  {6/  and  (7,  are  negligible  will  cause 
error  build  up..  How  much  error  occurs  is  related  to  the  rectification 
interval.  Results  of  e  simulation  which  demonstrate?  the  influence  of 
rectification,  interval  are  shown  on  figure.  N~3  arul  N-4.  K  can  -be  seen 
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that  for  a  of  ZO  sec  which  is  larger  than  that  used  in  the  SEGOR  orbital 
mode,  the  total  expected  di\  e  rgence  should  be  less  than  one  meter. 


COWEbVS  METHOD  ....  Numerical  integration  of  the  "total  acceleration* 
and  velocities  is  identified- sb  Cowell's  method  of'  trajectoiy  prediction. 

One  variation  of  Cowell’ *  method  which  has  been  developed  and  tested  is 
presented  here.  Starting  with  initial  composite  accelerations  .given  by 
equation  (l)  and  the  initial  position  and;  velocity  vector*,  RoVo,  we  have 

-  (5.  .♦  Eg  -  (g  ♦  Eg  j  .. 

■  R  *  V  At  ♦»  °  VAt  i _  Pp'At  ♦  ....  (9) 

X  O  O  '  C  r 


'  *  -  ‘  :  g  .  Eg 

V,  -  vc  ♦  (Go  ♦  Eg  )  At  ♦.  . 

*  o  2 


o (  At  ♦  .... 


wliere  7 


u,  r  u 


*“  **■  * 
The  rate  X)t'  change  of  (v  i_G  ^  inequations  (9,  and  (10)  i*  computed 

°  ' 

in  the  same  fashion  as  shown  in  equation, ($/  above.  In  the  technique 
discuased  here,  the  first  estimates  of  r,V..  used  to  compute  (G.  t  Eg  ) 

.  t  P1 

are  obtained  fro:,,  a  two-body  prediction.  An  iteration  of  the  total 

numerical  integration  would  suffice.'  Shen  Ft, V ,  have  been  computed  as 

described  above,  "begone  initial  conditions  for  the  next  sequential 

prediction  and  so  on.  Derivative  terms  aUve  G  iiave  been  -deleted  from 

the  above  power  series. 


COMPARISON  OF  EStCRS'S.  COWELL'S.  AND  MsiMl  METHOD  OF  TRAJECTORY 

i 

rh EDICT IONS  .  ,,  ;  .  The  advantage  of  one  prediction  method  over  another 

I 

is  of  interest  only  in  that  limits  -of  applicability  of  each  are  defined 
by  comparison,  it  is  obvious  from  the  above  formulation  that  Cowell's 


~c'  -«v'  yy — *  - 
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rhethM  is ^  ^u^Vft^lsVj:<agptosimatioa,crror.,;to‘a L-gfe’ater  extent  : 

-  .  ,  /-  4  ■'  v  ■/*■’  ;4  t 

tlVim  iV.^nc kc'* a.  Tin*  sfaustion  ie  due  tu  the  Targe  maghitutie  ;  ».%:  . 


<  ~  , 


tcTihs  carfcied1  in  the  ;nu^^|;ica| integration  andthedack  df^physical  -• 

<-  ’  *  %  *-  '  .  ^  *  ’V^-  ^  ‘V-3  ?  1  *  -  *  -  *  *  *  * 

;reprep|entation  of  ter  ms  .pvd.r;  UbjMe  {time  inteirya'ls.  However^  x^heha  '  *.  ' 

-'■  '  •  •  •  *■  •?',.;•• 

*-  'C  ’s.4*--  ^  l  ~  - 

^  ^  -  V-  -  e  ,  4  -  -  ,  •  V  -  4 

.^Vehicle  is  in 'powered  'flight,  the  ;refe fence trajectory  .computed  by 

'  ’  ♦'  '  -  1  V  '  r  '  «  ! 

s'  to  •  .  .  ■-  <•  -  /  .  -  'ry- 

£ncke 's  method-  wiM  by  of  little  use  and  numencal  integration  of1  total  - , 

'.  '  ? :  *  >n>  .  -  .*■=  V 

J  fcs.  *  -  \  ~  *  r  - fc"  ■  '  J  ■*■  *  - 

accelerations,,  including,  thrusts-,  hj  preferable.  ’ 

T'  'O-BODY  ;METH0D,  .  ;  .tnesorne  applications,  s:iit\pietwo-body 

predictions  may  be  tno’re representative  than  those  given  by  ejthcr  Cowell1* 

_  ■  •■■•_■  ,  ,  ■;•-■  ■  .-  .  :.*  ;  _ 

Qjr  Encke's  methods,,  both  .of  which  require-  numci-K.il  integration.*  If  .  * 

/ 'Vs’.  -  -  '  { •  i  y  ’  - 

b uf f i c ie rit-  c ar e  is  not  takentQ  perfOr.m^bumerical  intejjffatibn  accurately 


*  v  t 


«  <  .  *  J:  *  >*',  '5-  .+S1 


and-to  use  roa^onabl^  rccttfication:  ipte rva Is th^ n  the  bufld-bp  of  er ro i*  will 

*<$1  *  .  '  •*  fj  ' *■'  ■  ’*  \  *  . ,  .  [ ,  *-  -*  r  +  y  r  •  ■ 

.  '  '  *  “  '  -  -  i  *  ’  ’  '  «./ : 4  . .  ’  4  , 

v  *  -/  '*  *  ( v  ,  -  i»  t  »  i.  t  x  *■  *  . 

exceed’  the  tota l  ef feet  $j£.pe rturhation^  i nd  useless  Cbmpat*tjon  results . 

:  BecaCse  accuracy,  cbmputingtihne.i  and^j^j^cati^'^^^raT  are 

_ ^  ^  .  ..  .  -  ^  V  *_**"*'  '  v  '^'--1  »  *■  , 

directly  debited  in  t rajydtctiry.  c ornputit ionsi  simulat idns>iwe;ijp ^r fo rybed 

v  i  :,  1  *  *  .{  •"* ,;-r  /y,  y-.  -  : 

to  give  quant  Rati  ve ‘com  par  isonofthOthreemethods  nr^t  ipivildk'-d.'bove .. 

Actual  measured  datalfrohi, two  distinctly  different  t#pe;tyiiilecfQries  was 


...  %*' 


.  -  t-  '  iV  '  ■!  5 

used  to  compute  trajectories  for  the  comparison;.  A  iieaely  vef^i'cai 
t  rajectory!  with  apogee  of  apjj r ox imhtel y  400-  miles  (obtaihed4r6m  Thor 

launchings  at  Johnston  Island  nuclear  tests  of  1,962). and  a  nearly  circular 

■**  -  ’  '<  -  "*  1 

orbit  with  apogee  Of  approximately  460  miles  (USA  ^Z  Geodetic  SECOR 
satellite.. of  196-4)^  were  used  in  the  simulation.  Pigure  N-2ris  a  plot  of 
the  range  and  elevation  a pglos  versus  time  for  the  two  vehicles . 

,  .  .  >  j 

The  .Satellite  orbit  closely,  follows  lines  of  equal  gravity -while 
the  Tlior  trajectory  e.xjx; riences  a  dramatic  variation  in  gravity.  * 


N-5. 
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f  r'  '  '  '  .  •  "  -  : 

*  t  ,  - 

'  '  Atmospheric drag  is  also  minimized  Cor -the- satellite  and  conversely 

will  become  a  predominant  deceleration  for  the  Thor  during  reentry. 

r-  _ 

\  Figu  res  N-.3  through-6  illustrate  the  build  up  of  error  due  entirely 
to^  analytic  approximation*  using  the  iincke  ana  Cowell  methods  of  [pre¬ 
diction.  The  amount  of- error  is  controlled  by  the  rectification  interval, 

or  tiie  interval  "over  which  the  oredictlor.  is  carried  without  re-estab- 

<  * 

lishing  initial  conditions.  ‘To  avoid  masking  the  prediction  errors 
with  other  sources  of  error  such  us  tracking  equipment,  gravity  model, 
atmospheric  drag,  etc,,  the  measured  data  was  vised  in  a  least  square 
fitting  procedure  to  establish  injection  vectors,  A  Vest  trajectory 
4  was  then  computed  using  a  rectification  interval  of  one  second.  The 

predicted  and  measured  trajectories  had  agreement  of  about  ±20  feet  ir. 

each  position  component  over  the  800  second  span  used  in  the  simulation, 

W  -  ■ 

After  the  "standard’1  had  been  computed,  a  3et  of  predictions  were 
made  varying  only  the  rectification  interval.  The  separation  of  the 
predicted  trajectory  from  the  "s’ar.d&rd-”  was  attributed  to  analytic 
approximations  which  are  inherent  ir.  the  numerical  integration  s. hemes; 

-  4 

Rectification  intervals  were  reduced  to  0,1  seconds  -and  no  separation 
-  from  the  "standard"  was  encountered.  It  was  necessary  to  develop  a  very, 
accurate  solution  of  Kepler’s  equation  of  mean  motion  before  the  errors 
could  be  reduced  to  the  values  shown  for  Encke’s  method  and  the  two-body 
predictions. 

A  review  of  Figurcs-N-3  through  N-8  demonstrates  that  Encke’s  method 
produced  significantly  better  ^accuracies  than  the  Cowell’s.;  Computing 
time  for  the  two  procedures  Is  about  equal  due  to  the  use  of  two-body  In 

"  \  -  c  -  -  - 

vjJ;  .  both  schemes.  Computing  time  per  reetificatioR  could  be  reduced  in  the 
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Cowell' s  eethodj  however,  this  method  would  require  many  more  rectifications 
to  achieve*  equivalent  results.  Comparison  of  Encke's  and  Cowell's  results 
with  the  two-body  predictions  indicates  that  large  rectification  intervals 
can  reduce, accuracy  rore  than  the  total  effect  of  perturbations.  For 
example,  if  a  100- second  rectification  interval  is  used,  the  arithmetic 
error  after  800  seconds  will  be  58'  and  7400'  for  Encke's  and  Cowell's, 
respectively,  and  9600'  of  total  perturbation  offset,  for  the  USA-2  satellite 
orbit,  With  the  Thor  trajectory  after  only  500  seconds  of  prediction  with 
a  100-second  rectification  interval,  Encke's  and  Cowell's  had  errors  of 

J 

38'  and  9000';^  respectively,  and  4700'  of  perturbation  offset. 

\  -  : 

The  problem  of  analytic  approximation  error  quickly  becomes  the 
dominant  consideration  in  predictions.  When  orbits  are  to  be  computed  over 
several  day  periods,  care  must  be  exercised  i  f  results--  are  to  bear  any 
resemblance  to  actual  conditions. 

Time/scales  on  all  figures  are  in  seconds  with  respect  to  an -arbitrary 
epoch  time,  which  is  taken  for  convenience  at  some  time  in  freefali.  The 
"effect  of  perturbations"  shown  on  Figures  M-7  and  N-8  is  simply,  the  offset, 
difference  between  the  two-body  trajectory  and  the  precise  trajectory  com¬ 
puted  by  Encke's  method  carrying  all  significant  perturbations.'  Perturbations 
included  the  first  nine  zonal  harmonics  of  the  earth's  gravity  and. 
atmospheric- drag  and  lift.  The  effect  of  drag  ana  lift  was  undetectable 
over  800  seconds  of  the  USA-2  satellite  orbit. 
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If  the  position  and  velocity  vectors 


are  known  at  one  time  for  a  body  in  free  fall,  a  ''closed  expression"  can 
* 

be-  developed  to  predict  the  tvo-body  notion  of  the  body  versus  time. 


When  all  quantities  ere  expressed  in  canonical  units  and  the  position 
and  velocity  vectors  are  expressed  in  inertial  coordinates  (i.e, ,  with 


origin  at  the  dynamic  center.,  which  is  the  center  of  mass  of  the  earth 
for  near  earth  trajectories  and- orbits) ,  predicted  positions  and  velocities 
for  some  time,  t,  following  epoch  (.time  l^)  are  -given  by 


*  *  •"  \  *  «  V.  (I) 

v*!’I0»gvo  -  :  (2) 


Tvf ,  V  *  the  position  and  velocity  vectors  a-t  injection,. 
-  o  o  ,,  , 

respectively 


=  a  (cos  lb  -  jl  />T. 


£  E  *r,A  (sin  l£  -  '5  ♦ 

*  *  ~  ( sin  ,  /  (  *  -  •'  r, 

a 

t  «  a  (cos  lr  - 


(4): 

(5> 

(6) 


*  "Position,  Velocities,  Lphamerides,  Referred  to  the  Dynamical  Center," 
Astrodjmamical  Report  No.  7,  by  Samuel  Herrick,  Dept,  of  Astronomy, 
University  of  California  of  Los  Angeies  and  Aeronutrohlcs,  July,  I960. 

Elliptic  motion  assumed  in  this  set  of  equations 


Cl  wt 


Figure  -1 

T-WC-body  deocetrlea  and  Notation 

tQ  •  Time  of  epoch  or  injection  a  »  Semlraajor  axis  of  ellipae 

p  *  Position  vector  at  lnjeotlon  e  »  Eccentricity  of  ellipae 

-  w  “  -  *  i 

p  ■  Velocity  vector  at  injection  q  *  a(l  -  e)  ■  perigee  distance 

■Eccentric  anpnaly  at  injection  X  ,  V  *  Coordinate  axes  referred 

^  to  orbital  plane  and 

a  »  True  anomaly'  at  injection  perigee 
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SOLUTION  OF  KifLHt'S- EQUATION  FOR  Ai  .  .  .  .  <fti«n  (t  -  tQ)  i»  given,  * 
an  extremely  efficient  iteration  (less  than  six  Iterations  for  accuracies 
of  +0.1  radian)  can  be  set  up  to  solve  the  transcendental  function 
sailed  Kepler's  equation  of  two-body  motion!  namely. 


n(  t  -  t  )  *-.K  -  M  =  (E  -  E  )  -  e  sin  E  ♦  e  sin  E 
o  c  o  o 


AM  «-  A'E  -  e  sin  (E  ♦  &E)  *  &■ 
o  -  c 


where  M  is  the  mean  anomaly. 


*  A  coBisrw  form  of  the  solution  for  At:  given  in  the  literature  ia  to 
iterate  equation  21  where  the  first  approximation  of  AE  ia  given  by 

At,  *  AK  o  b  *  e  sir.  (f .  ♦  AK;  ( 

I  O  u 


and  succeeding  iterations  take  the  form 


!  &i.i  •■»**,•*  «*«.%♦ 


Convergence  of  the  iteration  is  established  when 


|*i.i  -  ®i 


*>  Y  *•  0 


where  K  ■  a  precomputed-  accuracy  limit. 


The  results  of  ?ne  such  classic  iteration  are  shown  on  figure  0-Z» 
Differences  of  the  AK^  and  the  final  &E  are  plotted  versus  the  number  of 
iterations.  The  solution  oscillates  systematically  and  converges  slowly 
to  a  fixed'  value.  In  the  example  shown  r,n  figure  P-2,  more  than  170 

rt 

iterations  were  required  for  K  -  i.io”  .  ,  - 


GUbIC  CORPORATION 


It  was  observed  that  the  successive  iterations  of  equation  (23)  were 

\ 

opposite  in  sign  and  therefore  ihsceptible  to  dampening.  In  ordpr  to 
make  the  solution  given  by  equation  (23)  useful,  an  alternate  form  of  the 
solution  was  tried;  namely, 

^Ji+1  =  tlM  -  b0  *  e  sin  ib^  +  +  A£j-)/2]  U5) 

For  the  same  conditions  used  to  test  equation  (23),  equation  (25)  satisfied 
the  iteration  convergence  criterion  in  5  iterations.  Thf  dampened  iteration 
proved  to  be  highly  efficient  and  accurate  and  represents  the  moat  useful 
solution  to  Kepler's  equation  attempted,  which  has  included  several  partial 
derivative  techniques.  \ 

if  the  above  set  of  equations  are  to  be  used  in  formulations  where 
high  accuracy  and  precision  are  essential  (such  as  computing  the  reference  , 

orbit  or  trajectory  In  the  unck^'s  method  of  predicting),  then  using  a 
fixed  constant  for  K  in  equation  (24)  can  limit  accuracy  and  make  compu¬ 
tations  susceptible  to  truncation  error  in  computers.  The  variability  of 
£\Fi  can  be  compensated  by  making  K  also  variable  in  such  a  way  as  to  retain 

proportionate  accuracy  of  £L.  In  order  to  achieve  more  uniform  and  higher 
* 

accuracies  from  the  iteration,  a  K  for  the  convergence  test  of  equation  (24) 
was  computed  as 

k'  =  KaM  where  K  =  0.0000001. 

I 

The  convergence  test  given  by  equation  (24)  now  becomes 
CONTINUE.  =  K '  < 

« 

l 
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TWO-BODY  PARTIAL  DERIVATIVES  .....  Partial  differential  operators 
,  and  D  are  defined  with  the  following  convention! 


~1*  -A 
v  ai 


7  •  4- 


uiven  the  equations 


R  -  R  f  ♦  V  g 
o  o  R 


V  -  R  f  ♦  V  a 
O’.  o  - 


az  ' 

O  ' 


then  thf  two-body  partial  derivative*  of  positon  arid  velocity  at  time  t 
.With  respect  to  injection  vectors  P  at  time  t  become 
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(3  x  3) 


«i  ■  *  « ♦  V*T 

Q2  =  2.  v'-'r  *  ri  *  v xjs 


Q;  2=  E^f1  .  ;j  *  voys‘ 

—  i  * «p  ♦  —  l  *7 

\  =  :SV  f  +  Vo\7  f 

(3x3' 

-1  o  g” 

I  *  "0  1  0 


ii  n  T 


0  0  1 


3xt>  (3x2'  (2x6,)  3x6 

^  x  WlQ2>  lkovo3  J»:*  Dcf  +  [n  fja ] 


♦  •  • 


pv ?  lq3q4J=  lrovo]  ld:'  DfJ 1  +  in  gij 


>whd  ;*>•  end  Py  are  the  twc-bcdy  partial*  of  position  H  and  velocity  V 

.with  respect  to  both  I-(  and  V  ,  respectively. 

•  • 

Taking  partiuls  of  f,  g,  f,  and  ,g  will  give 

Df  *  /V  ^  )  \  LU,1  ( f  -  1}  -  sir:  &£  E&bJ 

v  “  i’o  1  \ 

&£  =  ^2a  Da '*  7^cos  D^L  "  D6  v  3b0) 

; 

n.-'  _  •'(fi—  tii  +  £  rvj  _  2  *ric  +  C9JL  Afi  h\E' 

aRo  %  R  U*'  2  aJa  sin  Ab  ^  ' 

1  *  / 

Og  =  \  -I)  ~  sin  u£  Q6L] 


D*>  =  I)c  +  jw&E 


^  =  fCDc  -  0>0  -  \  J(t  -  t0)Da] 


:>8 
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Dc  =  sin  b.i  *  cos 

G  O 


Dp  =  DB  -  6  :•'& 


DD  =  cos’AK  Dii  -  sir.  AS 

■  1  0  “O 


Dp  = 
ro 


7.«V 

V*v 


V  2 
o 


VlJ0  R  "o 


p  =  2R  V 

1  0  CO 


35, 


o  - 


a&.  I  . 

O-  o 


c  1  p  -> 
a*-  o 


p  — 

rr’i,  ‘  O  —  CiS  V 
*  6  =  "~r  o  o 

o  £• 

£i 


;Da  « 


H 

r*j . 


.  T7  a  =  ri 

v  v  3  o 
« » 

o 


(36) 

(37) . 
(.38) 

(39) 

(40) 
(-41) 

(42) 

(43) 

(44) 

(45) 

(46) 


\7'a  «  2a2 


(47) 


KB? 
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All  aquations  given  here-  Cor  trajectory  prediction /are  predicated  on 

\ 

a  spherical  gravity  field  and  tne  absence  of  all  perturbations  stoch  a$ 

\ 

atmospheric 'drag,  aerodynamic  lift,  thrusts,,  etc.  The  equations  are  very 

/  '  *• 

useful  ih\ evaluation  considerations  v*here  simplicity  and  versatility  are 
needed  before  solutions  and  problems  can 'be  economically 'simulated.  Per¬ 
turbations  can  be  added  to  the  above  equations  to  strengthen  their 
applicability  to  real  problems.  Principal  attributes  of  these  equations 
are  their  versatility;-,  simplicity/,  and  speed  of  computation  on  computers. 
The  two-body  part'ials  can  be  used  in  orbit  and  trajectory  fitting  to 
observational  data. 
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APPENDIX  P 

HON-tiRAVItATIONAL  PERTURBATIONS 

Let  the  accelerations  acting  oh  a  vehicle  in  freefall  be  expressed  by 


A»G  +  2Gp+jP 


where , 


A  = 


=  total  acceleration  components 


(1) 


principal  component  of  earth's-  gravity 


perturbations  of  earth's  gravity  due  to  zonal 
harmonics 


ZP 


acceleration  component'  due  to  non-gravitational 
perturbations 


Kxaranles  of  non-gravitational  perturbations  would  be  accelerations  due  to 
.lift,  drug,  and  solar  radiation.  As  a  matter  of’  convention,  the  directional 
components  are  defined  as  being  directed  along  the  X,  Y,  Z  axes  of  a 
right-handed  orthogonal  coordinate  system.  The  reference  frame  used  here 
is  an  earth-centered^  space-fixed  inertial  coordinate  system. 

When  the  vehicle  is.  in  close  proximity  of  the  earth's  atmosphere  and 
extremely  long  prediction  Intervals  are  hot  considered,  then  atmospheric 
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lift  and  drag  become  the  significant  perturbative  sources.  Drug  and 

/  * 
lift  accelerations,  ad  and  respectively,  are  given  by 

&d  *  l/2  p  vf  C^  S/:n 

"  "  (2) 

*  1/2  p  C^  S/r*. 

where 

-  m  *  mass  of  the  vohi'cle 
p  **>  air  density 

«  vehicle  earth-related  velocity 
C^  *=  vehicle  drag  coefficient 
C|  *  vehicle  lift  coefficient 
3  vehicle  effective  cross-sectional  area, 

A  vehicle’s  drag  coefficient  is  not  constant,  but  rather  a  function 
of  the  vehicle's  Mach  speed  and  shape.  Also,  the  value  of  the  drag 
coefficient  for-  different  Mach  speeds  does  not  lend  itself  to  .analytical 
expression.  Thus,  a  table  of  actual  measured  values  of  the  vehicle  drag 
coefficient  versus  Mach  apeed  is  required  to  compute  acceleration  due  to 
drag;  Such  a  table  for  an  instrumentation  pod  is  .given  in  table. 

Oi.ce  a  table  is  provided,  it  is  only  necessary  to  compute  the  vehicle's 
Mach  speed  in  order  to  determine  the  value  of  the  drag  coefficient. 

Vehicle  Mach  speed  is  defined  by 

M-V^/C  (3) 

where 

C  «  acoustic  velocity 

C  *  a0  *  aly  +  a2y  +  *  ;a4y  *  +  e5y  +  a6y 

5| 

\  y  m  vehicle  altitude  above  the  earth's  surface  in 

thousands  of  feet, 

*  Puckett,  Allen  E. ,  "Guided  Missile  Engineering,"  McGraw-Hill,  New  York,  1959 
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TABLE.  P-1 


DRAG  COEFFICIENTS 


MACH  NUMBER 

COEFFICIENT 

.0 

1.12 

.63 

1.27 

.90 

1.38 

1.02 

1.82 

• 

1.05 

1.95 

1.15 

2.07 

1.25 

2.10 

1.3V 

2.06, 

1.52 

1.99 

2.40 

1.64  . 

3. CO 

1.48 

3.50 

1.41 

3.97 

1.38 

5.00 

1.35 

6.00 

1.34 

10.00 

1.31 

40.00 

1.31 
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,  i 

The  values  of  the  coefficients,  a^,  for  different  values  of  y  are  given  in 

table  \  A  comparison  of  values  of  -.coustical  velocity,  computed  using 

polynomials  with  the  coefficients  a^,  with  date  from  the  ARDC  model  atmosphere 

of  1959  is  shown  in  table  P-3. 

» 

The  1  ft  coefficient,  may  be  approximated  by  24,  where  <4  ls>  the’ 
angle  of  attack  in  radians,  if  the  vehicle  body  is  assumed  to  be  basically 
blunt  in  shape.  Air  density  is  a  function  of  altitude  above  the  earth's 
Surface  and  may  be  approximated  by 

P  =  10r  e8  (4) 

where 

s  =  bo  +  ty  *  b2y3 

r  *  scaling  exponent 

Values  of  r  and  b^  for  different  values  of  y  are  given  in  table  P-4, 
comparison  of  air  density,  computed  from  equutlon  4,  with  data  from  the 
ARDC  model  atmosphere  of  1959  la  given  in  table  P-5.  The  coefficients 
and  a^  are  primarily  a  result  of  fitting  third  degree  polynomials  to  data 
from  the  ARDC  model  atmosphere  of  1959. 

The  accelerations  due  to  noh-gravj tational  perturbations  may  now  be 
expressed  by 

£P  *  -  ad  ,D  +  L  ’  (5) 

where 

:D  =  unit  vector  directed  along  the  longitudinal 
axis  of  the  vehicle. 

L  «  unit  vector  normal  to  the  longitudinal  plane  of 
the  vehicle. 


n  this  case  y  =  H/3PO,000.  Coefficients  -are  from  Gianopulos,  G.  N.,  "Generalized  Powered  Flight 
'rajectory  Program  for  IBM  704  Computer,  "JPL  Technical  Report  No.  32-38,  Sept.,  19o0. 
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TABLE.!5- 3 


SPEED  OF-  SOUND 


ALTITUDE 

(FT) 

ACOUSTICAL  VELOCITY 
(ITT  SEC"1) 

ACTUAL 

5.0  x  103 

1097.1 

1097.1 

1.0  x  104 

1077.4 

iU77r4 

1.5  x  104 

1057.4 

1057.4 

2.0  x  104 

1036.9- 

1036.9 

2.5  x  104 

1016.0 

1016.1 

3.0  x  104 

799.7 

994.8 

.3.5  x  104 

973.1 

973.1 

.4.0  x  104 

968.0 

968.0 

/ 

5.0  x  icr' 

968.0 

968.0 

6.0  x- 104 

968.0 

968.0 

7.0  X  '104 

968.0 

;  968.0 

8.0  x  104 

,  968.0 

968.0 

8.5  x  104  ' 

975.4 

973.4 

9.0  ,x  104 

983.9 

983.4  ; 

9.5  x  104 

993  <3 

993.3 

i.o  x  id5 

1003.0 

1003.2 

1.5  x  105 

1095.3 

1096.3 

2.0  x  105 

1038.6 

1038.7 

;  2.5  x  io5 
3.0  x  105 

3.5  x  105 
4.0  x  105 

4.5  x  105 


888.6 
846/5 
1100.0 
00.0 
00.0 


1100.0 

1100.0 


By  "actual"  is  meant  values  given  by 
"Handbook  of  Ceophysica, 11  ARDC.  I960. 
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TABLE  P-4 

4"  COEFFICIENTS  IK  COMPUTING  AIR  DENSITY  (C3  ■ 


i ; 

bi 

b2 

.) 

b 

0 

i 

:  -2.U0223194  x  10~2 

-4.112711777  x  10“4 

1.948636863  x  io"6' 

4.336^6389  x  10° 

2 

-1.385607963  x  10"1 

+5.754215325  x  id'4 

'  -1.060362481  x  10'6 

1.385541893  x  lo' 

3  ' 

+6.194417751  x  10" 1 

-2.284935788  x  lO^ 

2.543977892  x  10"6 

-4.859279372  x  lo'  . 

4 

-5 . 301440339  x  Kf1 

♦1.052418458  x  lO-3- 

-7.164439446  x  10"7 

9.154608305  x  10 ' 

5 

•  -1.423384892  x  10"2 

+6. 97170",  417  x  10~6 

-1.733376425  x  TO,'9 

9.995812402  x  10° 

-8.730600381  x  10~3  - 

+1.995115962  x  10-6  ’ 

-2. 192314' 63’  x  10“10 

1.254637591  x  10 ' 

_ _  -  >  —  1  — 

and 


i  . 

k 

1 

2 

3 

4 

5 

T 

.  -4 

-6 

-8 

1 - 

L 

r 

1 _ 

-13- 

-15  1 

where 


i 


o  <;  h  £  100,000 

100,000  <  H  £  250,000 
250,000  <  H  £  350,000 
350,000  <  H  £  525,000 
525,000  <  H  £  1,200,000 
1,200,000  <  H 


H  »  altitude  above  mean  sea  level  in  1’eet 


i<r 


t 


C“  ^  ^ 
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Here,  for  simplicity,  D  was  taken  to  be  directed  coincident*!.  Ly  with  the 
vehicle's  earth-related  velocity  vector,  V^,  Thus* 


(6) 


where 


v. 


't 


H 


Normally  L  us  taken  to  b<  normal  to  some  reference  plant-  containing  the  longi¬ 
tudinal  axis  of  the  vehicle.  For  example,  in  the  iuse  of  a,n  aircraft,  this  plane 

i 

is  determined  by  the  position  of  the  wings.  Hov  •%  e.r,  no  assumptions  of  wings, 
nor  tluir  positioning,  has  been  made.  Therefore.,  this  plane  v.as  taken  to  .be 
the  plane  defined  as  being  perpendicular  to  the  equatorial  plane  and  ^containing 
V’,  The  flow  of  fur  F,  was  taken  to  be  perpendicular  to  the  position  vector., 

R,  of  the  \  eh: ile  and  directed  to  oppose  V", 


P-9 
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Once  the  direction  oi‘  F  -is  J,e  ter/nine !,  L  become* 

_  '  nl 

L  -  n2  *  [V  *.  cos  +  F]  (l/ein  °0  (7) 


-  cos-1  (-V1  •  P] 


where 
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APPENDIX  < 

The  earth’s  grevitatioi/sl  field  may  be  derived  from  a  seal* r  potential 
which  obeys  Poisson’s  equation \  namely, 


5 


tj2  (r.  X)  =  -  p  (r,  i,  \)  (1) 

•where  *  seal;  r  potential 

_ 

p  «  mass  density 


When  the  region  of  interest  is- above  the  earth’s,  surface,  p  »  0  and 
equation  (1)  becomes 

\^2  f  (r,  v,  X)  *  0  (2) 


A  solution  of  equation  (2)  which  is  consistent  with  the  physical  earth  if 


CO  X) 


’Hr,.  ■*>>  X)  55  ^  -l_ 

a  n=0  cfO  v- 


n+2 


L  ^  Pn  <8in  ^  tCnfro  co.  m*  *■  S  .in  aX]  * 

f,  r»  w  w 


where  '  -  ~  : 

V  »  geocentric  latitude 

X  *  east  longitude  f«ow  Greenwich  meridian 

r  =  radial  distance  frdm-earth ' s  mass  center 

•a  =  earth's  equatorial  radius  (semi major  axis) 

F^(  sir.  4 r>  -  associated  Lerendre  polynomials  of  the  Tirsl  kind 

K  ■«  product,  of  “universal  gravity  constant  and  earth  's  mass- 

1  jS  **  empirical  coefficients 
t  n,.  r:.r 


The  potential  -equation  {j)  is  commonly  referred  to  as  ah  expansion 

<< 

in  ’^sseral.  harmonics.  f.he  coo  'ficie-ntp  C  and  S  liave  been  evaluated 

n,i.  n,r  •  :<i 
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based  o>;  observations  of  satellite  orbits  and  the  corresponding  changes,, 
in  the  associated  basic  orbital  .elements.  Current  values  of  the  lohgltdde 
dependent  coefficients  are  not  sufficiently  well  defined  or  significant 
to  be  used  In  general  prediction  representation.  If  it'  is  assumed  that 
the  earth  is  longitudinally  symmetric*  then  equation  (3)  becomes  (after 
separation  of  the  principal  term) 

K  f,  C7  n+2  1 

♦'<"»  W  *  *2  r  '  h  Jn,~  Pn  ('ln  (5) 

a  l  n=l  r 

where 

J  *  the  zonal  harmonics  of  the  earth's  gravity. 

’T* 

The  principel  term  of  equation  (5)>  defines  the  potential  of  a  spherical 
body  with  concentric  distribution  of  mass.  Perturbations  due  to  the 

t  , 

merldianal  asymmetry  of  the  earth  are  represented  by,  the  one  to  infinity 
summation  terms. 

Gravitational  acceleration  of  the  earth  as  a  function  of  .radial 
distance  and  geocentric  latitude  is  given  by  the  gradients  of  the  potential 
function.  See  figure  Q-l.)  Thus 


where 


Mi  ♦  i ai i. 

Or  xr  '  r  0i> 


(6) 

(7) 


radial  component  cf -gravity 


1  fi£  . 

r 


azinavthal  component  of  gravity 


unit  vectors  of  the  radial  and  azimuthal 
gradients  expressed  in  an  earth  centered, 
inertiaily  '-'lxed  coordinate  system. 
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Taking  gradients  oT  equation  (5)  yields 


Figure  ti-1 
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Legendre  polynomials  PR  (sin  p)  and  P  ■'  (sin  £)  can  be  competed  from 
the  recurrsion  relationship  in  the  following  manner t 

PQ  (sin.i>)  -=  1 

(sin  p)  =  Bin  -P 

P2  (sin  i>)  =  (3  sir<2  p  -  l)/2 

P„n(»ln  i)  -  ['feUr.  P  Pn  (»ln  P.)  -  jJj]  P„.1  (.In  5)] 

iJ  »  I  J  (13) 

P  '  (sin  ;)  *  0 
P^'  (sin  i>)  *  cos  p 


r2'  (sin  -p)  *  3  ain  v  cos  p 

P^jUin  p)  =  P^_x  (sin  v)  ♦  (2n  ♦  1),  PR  (sin  p)  cos  4>| 

•  * 

If  the  total  gravity  ia  to  be  expressed  in  an  orthogonal  cartesian 
coordinate  system  such  as  the  earth  centered  inertial  system,  then  the 
unit  vectors  of  equation  (7)  become 


CUBIC  CORPORATION  :  : 

;  -  '  APPENDIX 

-  GEODETIC  SECOR  LINE  CROSSING  : 

Introduction 

The  purpose  of  a  line  crossing  operation  is  to  estimate  the  distance 
between  two  points  on  the  earth's  surface.  This  distance  is  reduced  to 
the  shortest  distance  '(i.e. ,  the  geodesi.  )  along  some  reference  spheroid 
(e.g,,  Clerk  1866  dr  International). 

The  classical  line  crossing  technique  is  illustrated  by  the  SHIRAN 
and  HIRAN  systems.  In  these  systems  an  aircraft  flies  across  the  baseline 
at  a  nearly  constant  height  and  nearly  perpendicular  to  the  baseline. 

During  the 'flight ‘ranges  from  the  two  base  stations  are  simultaneously 
measured.  (See  figure?-]. )  if  the  pairs  of  measured  ranges  are  added  to 
form  a  series  of  range  sums  (Rs),  a  curve  similar  to  that  shown  in  'figure  R-2 
will  result.  The  minimum  of  this  curve  corresponds  to  the  time  at  which 
the  aircraft  Was  directly  over  the  line.  Using  the  two  ranges  and  the 
altitude  corresponding  to  the  range  sum  minimum,  an  estimate  of  the 
geodesic  maybe  found. 

The  use  of  the  Geodetic  SECGR  system  to  perform  line  crossings  is 
operationally  similar  but  differs  from  the  classical  techniques  in 
^several  ways.  First,,  the.  height  of  the  .satellite  will  not  be  constant 
but  will  vary  with  time.  Second,  the, satellite  cannot  be  expected  to 
cross  the  baseline  near  themidpoint  nor  cross  perpendicular*  to  the  baseline. 
These  two  bond i.ti ons ,  as  will  be  shown  later,  cause  the  range  sum  minimum 
to  occur  at  some  time  before  or  after  the  baseline  Is  crossed.  This 
prevents  the  use  of  the  classical  technique  for  the  solution  of  the 
problem.,  -  -  ■  '  : 


Method  Tor  Geodetic  3ECGR  Line  Crossing  Computation 

In  the  method  for  computing  the  line  crossing  'from  Geodetic  SECOR 
satellite  data  the  following  are  assumed  to  be  known  precisely; 

V  *  distance  from  the  center  of  the  earth  to  t.ie  satellite. 

L\ 

=  latitude,  longitude,  height  of  base  site  .number  one. 

1*2  3  height  of  base  site  number  two. 

R1 ,  R_  *=  simultaneous  range  observations  from  sites  one  and  two  to 
the  satellite. 

The  latitude  ard  longitude  of  the  second  site  ^M^are  assumed  to 
be  approximately  known.  A  schematic  representation  of  these  quantities 
is  shov.’n  lr»  figure  R-*. 

The  distance  is  computed  at  each  point  from  the  satellite’s 
equatorial  coordinates  (X^  Z^)  by  F^  *  [xjt  +  Yp  +  Zg].^,  The  satellite 

position  in,  equatorial  coordinates  may  be  determined  using'  Geodetic  SECCR 
date, from  base  site  number  one  and  two  additional  sites  those  coordinates 
are  known  or  from  some  other  tracking  or  ephemeris  data. 

Since  the  range  sum  minimum  cannot  be  used  to  determine  the.  time  of 
the  line  crossing,  some  other  parameter  must  be  found  which  will  be  minimum 
as  the.  baseline  is  crossed.  The  parameter  used  is  the  central  angle  sum 
©  =  9,  +  {  !' u>u re  I'  ~  \ )  which  takes  ori  a  minimum  value  when  the  vector 

Rj,  is  coplunar  with  the  vectors  to  t.he  two  base-  stations,  (i.e., .  Rsi»  Rs2)* 

The  value  of  ©<•  may  be  found  at  each  .point  by  applying  the  law  of  cosines 

s 

to  each  triangle,  shown  in  figure  R -3.  That  vs; 

(!) 

(Z) 


Rp  ♦  R  .  -  R, 


cos  ©2 


2  2  2 
R~  *  R  o  - 

.k  ...  _ 2 


Z\.  J; 


s2 


es  =  81  +  *2 


13') 


-  o 


illftimiaJaum  Uetc-ralnatlon 

. he  determination  of  a  minimum  central  angle  bub  assumes  that  in  a 
limited  region  at  .o.t  the  minimum j  the  sum,.  S(t),  may-  be  approximated'  by 

P 

tx  second  degree  polynomial*  i  (t)  =*  ao  ♦  a^t  +-a^t‘  if  the  dynaaiicB  of 
the  vehicle  are  not  too  extreme.  Having  determined  F(t),  the  minimum  may 
be  obtained  as  follows* 


PUm) 


dt 


O,  P, 


M 


P(tM) 


where  i &  the  time  at  yihu'h  P{tl  is  an  extremum. 


1  (4) 


P(tM>  "  4  2;‘>* 


dt 


l  M 


(5) 


y 


4a„ 


(6) 


Then: 


4 

av. 


2  2 

:*!:  *  &o  “  2?r *  ^  ‘"o  *zn 
-2  <■  <. 


(7) 


For  a  minimum: 


..  U  ;  >  0 


dt 

-> 

-dt** 


•(t)  »  2a„  _>;  0 


(h). 


(9) 


So  a-  ">  0  for  a  mlnimur., 


The  polynomial  * (t)  may  be  determined  from  the  measured  data  (i.e. 
central  angle  sums;  ,  I , ,  ..  .  ,  U  by. use  of  a  least  squares  criterion. 

*  i  4  v-n 


U,  «  •  £  ,  .J  -  ■  4  Ci:1  »-*„  -Vi  •  V-lJ*  ** 


a  miniiaur 


GL/cIC  aaHJ7«.TiUJ 


Solving  for  [A]: 


-1  N 


LA]  -  {  £  IT  ]LT  ]‘]  [  £  ,T  ]  ’J  ] 

i-1  1  '  i-1  1  1 


US) 


’Ji'Avru  shows  a  sumple  curve  fit  to  a  central  angle  sum  scaled  by  a 
iVeun  earth's  radius  for  a  long-line  satellite  crossing.  The  residuals 
pic  .ted  represent  [G^  -  F( t^.) ]  versus  tine. 

Estimation  of  the  Geodesic 

The  minimum  distance  between  the  two  base  stations,  (geodesic)  is  not 
a  plane  curve  and  thus  may  not  be  determined  in  closed-  form,  from  the 
central  angle  minimum.  An -estiniete  may  be  made  by  assuming  that  the 
geodesic  may  be  expressed  in  the  formt 


3.^  —■*'  geodesic 
p  exact  scaling  radius. 

6..,  -^.central  angle. 


(J5) 


How  the  estimate  of  is  found  directly  'from  the  minimum  central  angle 

sum  (i,o.,  d,,  *  (».)  minimum',  An  estimate  of  the  scaling  rad iuB.  (^)  is 

made  using  the  survey  date  for  base  station  1  and  the  .trprox irate  survey 

A  A 

data  for  base  atat/lon  2  to  compute  a  geodesic  (3,^)  end  central*  angle,  ■( Q^;. 
.he  central  angle  Is  found  from: 


a  2  =  lei. 

14  si 


and  3  ,  is  found  using  -cduno 1 s  method  for  the  inverse  computation. 


(20) 


CliBiC  Cvhl'GitATiGU 


fhe  estimate  for  the  sealing  radius,  (p ' ,  is  found  from: 


A  >  /(A 
p  3  sgd/Qi2 

The  final  estimate  for  the  geodesic  is  given  by: 


( id  1> 


A  , 

=  P  y 


12 


(22) 


tnio  relative  error  is  approxi mated  by 


L  3,r  .  a  2 

- *  isj.  +  - IS 

S-~  p 


(ID 


6 


12 


(23) 


The  first  term  of.  this  expression  reflects  the  uncertainty  in  the  survey 
position  of  the  second  base  site  while  the  second  term  reflects  primarily 
the  errors  arising  from  the  determination  of  Ft  and  the  ranging  errors. 

In  order  to  determine  more  accurately  the  Jine  length,  a  network  of 
lines  must  be  measured  and  a  network  adjustment  procedure  applied  to 
Improve  the  first  estimates'. 


affect  of  Vehicle  Dynamics  on  the  Range  Sum  and  Central  Angle  Sums- 

As  indicated  above,  the  minimum  range  sum  does  not  necessarily  occur 
as-  the  vehicle  crosses  the  baseline.  The  relations  derived  below  show, 
for  the  case  of  a  circular  orbit,  the  magnitude  of  the  offset. 

Figure  R-5  shows  the  geometry  of  a  line  crossing  configuration  for  a 
circular  orbit.  The  coordinate  system  is  chosen  so  that  the  orbit  is 
centered  at  the  origin  of  toe  coordinate  system  and  lies  in  the  y-z  plane, 
the  radius  (p  j  is  constant  and  the  angular  velocity  (41)  is  constant. 


Circular  orbit  centered 
at  0  in  y-a  plane 


Irojection  of 
baseline 


f 


CubiO  GuRrGIu.ilCii 


Using  the  geometry  cf  figure  R-6  the  coordinates  of  the  satellite  (xyz) 


!■  two  tracking 

sites  C/.yZ)1  and  (XYZ)p  may 

be  written: 

o 

H 

y. 

X,  =  cos  =< 

h  *  -*!  «*« 

y  =  p  sin 

=  -d^  sir.  •* 

tp  ?  dp  sin  <-< 

(24) 

z  *  p  cos 

7,1  55  Zi 

Z2=Z2 

The  ranges  and  range  rates  from  eech  tracking  site  are: 


>■,  i*  ^  f  ,2 

K.  =  ,  n  +  d_  +  Z. 


”1  '  ^ 


r  f!  .2  -2 

h0  =  LP  +  +  Zo 


» 

^  (d^  sin  ;<  ccs  ,3  +  Z^  sin  jj) 


‘1 


P9  =  {H  {-d0  sin  -<  ccs  ^  ♦  Z,  sin  p) 
**  ^ 


,  1/2 

COS  /(<)] 

( 25 ) 

.  1/2 
cos  ,)')] 

(26) 

(2Z) 

US) 

Now 'the  range  sum  {t^)  is  giver:  by'Rg  -  f^  +  Rp,  and  the  range  sum  rate 


Rs  b'! 


ps  =  R1  "■  F2  *  P*1  v 


ri  4 

R1  ~  r2 


sin  •=<  cos  ,3  * 


!l  *  !2;: 

’<  1  p 

“1  2- 


sin,  ,3)  (29) 


In  order  that  a  may  he  used,  the  range  sum'  minimum  must  occur  as 
the  vehicle  crosses  the  baseline.  In  the  above  situation  this  corresponds 

I 

to  ,i  =  C  or 


(P8>0  =  PiJ 


d  d? 


i; 


1  “£ 


sin  -<  =  0 


(30) 


The  conditions  under  which  3 .  =  0  when  3*0  are: 

Q  v  * 


(1)  p,.  =  0  which  is  not  of  practical  interest, 


it -12 


CUcIC  cork  ration 


not  reproducible 


(2)  -A  «  0  which  corresponds  td  .  perpendicular  crossing  of  the 

baseline. 

^1  <  d2 

(3)  r*  v  ~  which-  corresponds  to  bisecting  the  baseline. 

1  ‘  2 

In  ..general,  then,  use  vf  the  range  sum  will  introduce  an  error  in 
the  baseline  length  determination. 

.  The  central  angle  stun  rate  (0  *  9,  +  9,J  may  be  obtained  using  the 

b  X  A 

lew  of  cosines  to  determine- 9,  end  9~  as  follows: 


r 

Vi  fc 

*  -2  _2  ) 

!  2  2r2 

- 

1  Vl 

■’  * "...  -Ri ' 

-IIP  +  Po2  “R2 

L 

2ppol  1 

.  v  cos  1  0 

l  <°P02  j 

_ 

.  r  i  i 

Q,  c  L  .  Wa  ldi  3in  *  cos  + 


P  ol  3in9i  1  1 

- 


(31) 


(32) 


1 

'<  - 


-♦  - |  -d~  sin  ^  cos  .»  +  Z,,  sin  ,i  j 

Po2sln92  12  2  ji 


In  order  fcnat  0  be  a  nihiinun:  as  the  satellite  crosses  the  baseline, 
s  ' 


then  S  =  0  at.  3*0. 

;S  '  r 

(V„o  •  ? ^  '•  - 1 

but  at  *  0, 


po2 


sm  >i, 


33) 


2/ 


a 

Pol 


*  sin  9,  and  -  =  sin  90 

1  po2  2 


'5  4) 


so  that  9  =  0  at  j)  =  0  end  6  is  a  minimum.  Thus  fer  a  circular  orbit  the 
central  angle  sum  (9  )  may  be  used  in  the  line  crossing  computation  while 

5 

c 

the  range  sum"  (R  )  may  not,. 

O.o 


Xw/kkb 


R* 


APPENDIX.  S 


SAMPLE  LISTINGS 


This  appendix  provides  a  sample  of  each  of  the  types  of  listing  (printout) 
obtained  during  the  data  processing.  A  brief  description  of  each  heading  is 
included  unless  the  heading  is  self-explanatory. 


S.  1  Raw  Lifting ..  The  raw  listing  was  made  directly  from  the  copied  raw 
tape  (program  EXAM  l).after  unpacking  the  tape  format  (subroutine  FORMAT)- 
and  resolving  the  range  (subroutine  RESOLVE).  In  general,  every  fourth  or 
fifth  sample  was  listed. 

The  following  quantities  were  output  (sample  listing  1): 


T 


Q 

S 

R 

MO,  DA 
HR,  M.  S,  MS 

RANGE 

DIF 

VF 

FN 

CS 

VC 

ER 

D1  -  1C 


Time  mark  which  was  recorded  (indicated  by  a  1) 
every  second.  In  the  sample  listing,  these  particular 
samples  were  missed 

Quality  mark  which  was  recorded  as  a.  1  if  one  or 

more  pf  the  tracking  servos  were  not  locked 

Station  number 

Run  number 

Month  and  day  of  track 

Time  (GMT)  recorded  at  the  tracking  site  in' hours, 
minutes,  seconds,  milliseconds 
Resolved  range  in  meters 
First  differences  of  the  ranges 

Very  fine  channel  in  meters  ( 1/2  and  1/4  meter  bits 
not  indicated) 

Fine  channel  in  meters 
Coarse  channel  in  meters 
Very  coarse  channel  in  meters 
Extended;  range  in  meters 

Difference  between  the  VF  and  VFIC  channels  (used 
to  compute  the  ionospheric  correction) 


S-Z 


VF  -  F 

F  -  C 

C  -  VC 

In  earlier  listings ,  the 
R  -  D2,  R  -  D3, 

R  -  D4 


Difference  between  the  overlap  bits  of  the-  very  fine  and 
and  fine  channels 

‘Difference  between  it-he  overlap  bits  of  the  fine  and 
coarse  channels 

Difference  between  the  overlap  bits  of  the  coarse 
and  \'wry  coarse  channels 

last  three  columns  included  the  following  quantities: 
Reference  phase  minus  the  phase  three  of  the  D 
channels.  The  numbers  were  scaled  so  that  the 
least  significant  bit- indicated  one  unit.  The  VF 
column  is  actually  R  -  Dl. 


S-3 


GEODETIC  SFCOR 


USA-2 


LARSON 


ORBIT  I 


T  a  S  R  HO  DA  HR  M  S 

0031  A  21  22  19  12 

0031  421  22  19  12 

0031  4  21  22  19  12 

0031  4  21  22  19  12 

0031  4  21  22  19  13 

0031  4  21  22  19  13 

0031  4  21  22  19  13 

0031  4  21  22  19  13 

0031  4  21  2 2  19  14 

0  0  3  1  4  21  22  19  14 

0031  4  21  22  19  14 

0031  4  21  22  19  14 

0031  4  21  22  19  15 

0031  4  21  22  19  15 

0031  4  21  22  19  15 

0031  4  21  22  19  15 

0031  4  21  22  19  16 

0031  4  21  22  19  16 

0031  4  21  22  19  16 

0031  4  21  22  19  16 

0031  4  21  22  19  17 

0031  4  21  22  19  17 

0031  4  21  22  19  17 

0031  4  21  22  19  17 

0  0  3  1  4  21  22  19  18 

0031  4  21  22  19  18 

0031  4  21  22  19  18 

0031  4  21  22  19  18 

0  0  31  4  21  22  19  19 

0031  4  21  22  19  19 

0031  4  21  22  19  19 

0  0  3  l  4  21  22  19  19 

0031  4  21  22  19  20 

0031  4  21  22  19  20 

0031  4  21  22  19  20 

0031  4  21  22  19  20 

0031  4  21  22  19  21 

0031  4  21  22  19  21 

0031  4  21  22  19  21 

0031  4  21  22  19  21 

0031  4  21  22  19  22 

0031  4  21  22  19  22 

0031  4  21  22  19  22 

0031  4  21  22  19  22 

0031  4  21  22  19  23 

0031  4  21  22  19  23 

0031  4  21  22  19  23 

0031  4  21  22  19  23 

0031  4  21  22  19  24 

0031  4  21  22  19  24 

0  0  3  1  4  21  22  19  24 

0031  4  21  22  19  24 

0031  4  21  22  19  25 

0  0  3  1  4  21  •  22  19  25 

0031  4  21  22  19  25 

0031  4  2i  22  19  25 


MS 

RANGE 

0 

12 

951267.00 

-25 

262 

951244.00 

-23 

512 

951223.25 

-20 

762 

951206.50 

- 16 

12 

951192.25 

-14 

262 

951181.50 

-10 

512 

951173.75 

-7 

762 

951169.25 

-4 

12 

951167.25 

-2 

262 

951167.75 

512 

951171.75 

4 

762 

951178.75 

7 

12 

951188.50 

9 

262 

951200.50 

12 

512 

951215.75 

15 

762 

951234.75 

19 

12 

951256.25 

21 

262 

9  5 1'2  8 1  •  2  5 

25 

512 

951309.25 

28 

762 

951339.00 

29 

12 

951372.75 

33 

262 

951409.75 

37 

512 

951449.25 

39 

762 

951490.25 

41 

12 

951536.5^0 

46 

262 

951584.75 

48 

512 

951635.50 

50 

762 

951690.75 

55 

12 

951747.25 

56 

262 

951807.50 

60 

512 

951870.25 

62 

762 

951936.75 

66 

12 

952005.50 

68, 

262 

952077.50 

72, 

512 

952152.25 

74, 

762 

952230.75 

78, 

12 

952311.00 

80. 

262 

952394.75 

83, 

512 

952481.75 

87. 

762 

952571.25 

89, 

12 

952663.50 

92 

262 

952759.50 

96. 

512 

952857.75 

98. 

762 

952959.50 

101. 

12 

953063.50 

104. 

262 

953171.25 

107. 

512 

953281.25 

110. 

762 

953394.75 

113. 

12 

953511.25 

116. 

262 

953630.00 

116. 

512 

953752.50 

122. 

762 

953877.50 

125. 

12 

954005.00 

127. 

262 

954135.75 

130. 

512 

954270.25 

134. 

762 

954406.75 

136. 

IF  VF  FN  CS  Vi 

.75  227  976  34560  421 

.00  204  944  34816  421 

.75  183  912  34048  42L 

.75  166  912  34560  42H 

.25  152  880  34048  4211 

.75  141  896  34560  42  H 

.75  133  880  34304  4211 

.50  129  064  34304  4191 

.00  127  864  34304  4191 

.50  127  880  34560  4211 

.00  131  880  34560  4191 

.00  138  896  34560  4211 

.75  148  896  34816  4191 

.00  160  912  34304  4211 

.25  175  912  34304  4211 

.00  194  92H  34304  4191 

.50  216  944  34304  4191 

.00  241  1008  34560  425‘ 

.00  13  1008  34304  4191 

.75  43  1024  34304  419t 

*75  J6  1088  34560  423‘ 

.00  113  1136  34816  4211 

.50  153  1152  34816  419f 

.00  194  1168  34304  419 f 

.25  240  1248  35072  421f 

•25  32  1296  34816  4?1£ 

.75  83  1 344  34816  423S 

»2  5  138  1424  35328  425<5 

.50  195  1440  34816  4l9f 

.25  255  1520  35072  4216 

•  75  62  1568  34816  42.’8 

.50  128  1648  35328  4239 

.75  197  1696  35328  4198 

.00  13  1792  35328  4239 

.75  08  1872  35072  4259 

.50  166  1952  35840  4239 

.25  247  2032  35584  4259 

•75  74  2000  35504  4218 

.00  161  2192  35840  4218 

•50  251  2256  35584  4218 

.25  87  2368  35840  4239 

•00  183  2480  36096  4239 

.25  25  2560  36096  4218 

.75  127  2656  36352  4218 

•00  231  2784  36352  4259 

♦75  83  2864  36352  4218 

.00  193  2992  36608  4259 

•50  50  3120  36608  4239 

•50  167  3232  37120  4239 

.75  30  3344  36864  4239 

.50  152  3456  37376  4239 

•00  21  3616  37376  4280 

•50  149  3696  37376  4239 

•75  23  3856  37376  4259 

•50  158  3984  37888  4239 

•50  38  48  37632  4280 


LARSON 


ORBIT  1407 


I  OIF 
f 25.75 
1*23.00 
'r20.75 

[16.75 
14  *  ?  5 

10.75 
-7.75 
-4.50 
-2.00 
.50 
l  4.00 
|  7.00 
I  9.75 

f  12.00 

I'  15.25 
19.00 

21.50 
-25.00 
28.00 

29,75 

33.75 
;  37.00 
:  39.50 
I  41.00 
f  46.25 
f 48.25 
l  50.75 
;  55.25 
} 56.50 
l  60.25 
1=62.75 
f 66.50 
!  68.75 
|  72.00 
|  74.75 
|  78.50 
|  80.25 
|  83.75 
i 87.00 
[  89.50 
:  92.25 
i  96.00 
t  98.25 

iol.75 
104.00 

107.75 

110.00 

113.50 

116.50 

ll8. 75 
[122.50 
[125.00 

127.50 

130.75 

134.50 

136.50 


a 


VF 

FN 

CS 

VC 

Ell 

Ot-IC 

VF-F  F- 

-c, 

c-vc 

227 

976 

34560 

421888 

1015808 

16 

1 

-3 

2 

204 

944 

34816 

421888 

1015808 

17 

1 

-4 

2 

183 

912 

34048 

421888 

1015008 

16 

2 

-l 

2 

166 

912 

34560 

421688 

1015808 

18 

1 

-3 

2 

152 

880 

34048 

421886 

1015808 

10 

2 

-1 

2 

141 

896 

34560 

421888 

1015808 

18 

0 

-3 

2 

133 

880 

34304 

421888 

1015808 

17 

l 

-2 

2 

129 

864 

34304 

419640 

1015808 

17 

2 

-2 

3 

127 

864 

34304 

419840 

1015808 

17 

1 

-2 

3 

127 

880 

34560 

421688 

1015808 

17 

0 

-3 

2 

131 

880 

34560 

419840 

1015808 

17 

l 

-3 

3 

138 

896 

34560 

421888 

1015808 

17 

0 

-3 

2 

148 

896 

34816 

419840 

1048576 

17 

1 

—4 

3 

160 

912 

34304 

421888 

1048576 

18 

1 

-2 

2 

175 

912 

34304 

421808 

.1015808 

18 

1 

-2 

2 

194 

928 

34304 

419840 

1048576 

17 

2 

-2 

3 

216 

944 

34304 

419840 

1048576 

17 

2 

-2 

3 

241 

1008 

34560 

425984 

1048576 

it 

0 

-3 

G 

13 

1008 

34304 

419840 

1048576 

17 

■ri'4 

3 

43 

1024 

34304 

419840 

1046576 

17 

2 

-l 

3 

76 

1088 

34560 

423936 

1048576 

17 

0 

-2 

1 

113 

1136 

34316 

421888 

1048576 

16 

0 

-3 

2 

15  3 

1152 

34816 

419840 

1048576 

17 

1 

-3 

3 

194 

1168 

343G4 

419840 

1048576 

18 

3 

-1 

3 

240 

1248 

35072 

421888 

1048576 

16 

1 

-4 

2 

32 

1296 

34816 

421888 

1048576 

17 

1 

-2 

2 

83 

1344 

34816 

423936 

1048576 

17 

1 

-2 

l 

138 

1424 

3532b 

425984 

1046576 

17 

-0 

-4 

0 

195 

1440 

34816 

419840 

1048576 

17 

2 

-2 

3 

255 

1520 

35072 

421888 

104857b 

17 

0 

-3 

2 

62 

1568 

34816 

421888 

1048576 

17 

l 

-1 

2 

126 

1648 

35328 

423936 

1048576 

17 

1 

-3 

1 

197 

1696 

35328 

419840 

1081 344 

17 

2 

-3 

3 

13 

1792 

35328 

423936 

1048576 

16 

0 

-2 

1 

80 

1872 

35072 

425984 

1048576 

16 

0 

-1 

0 

166 

1952 

35840 

423936 

1081344 

17 

0 

-4 

1 

247 

2032 

35584 

425984 

1048576 

16 

6 

-3 

0 

74 

2080 

35504 

421888 

1040576 

17 

2 

-2 

3 

161 

2192 

35840 

421868 

1081344 

18 

1 

-3 

3 

251 

2256 
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S.  Z  Edited  andrSmoothed  Data  Listing.  The  edited  and  smoothed  data 
listing  was  obtained  during  the  editing  and  smoothing  pass  (program PASS2) 
on  each  raw  tape.  The  following  quantities  were  listed: 

HR,  M,  S,  MS  Time  recorded  on  the  raw  tape  in  hours,  minutes, 

seconds,  and  milliseconds 

RAW -RANGE  Raw  range  obtained  from  the  range  resolution  (sub¬ 

routine  RESOLVE)  prior  to  application  of  any 
calibration 

ED.  RANGE  Edited  range  obtained  from  the  data  editing  portion 

of  PASS 2  (subroutine  EDITSR)  with  calibration 
constants  applied 

SM.  RANGE  Smoothed  range  obtained  from,  the  edited  ranges  by 

using  least  squares  smoothing  coefficients  (sub¬ 
routine  SCR) 

RESIDUAL  Difference  between-the  edited  and  smoothed  ranges 

EDIT  CORE  Edit  correction  applied  to  the  raw  range  to  obtain 

the  edited  range  (minus  calibration).  With  one 
exception,  the  edit  correction  is  an  integral  multiple 
of  the  least  significant  ambiguity  (256  meters)..  If  a 
•  data  sample  is  bad  (cannot  be  reduced  within  the 

noise  tolerance  by  using  an  integral  number  of  ambig 
ities),  the  edit  correction  is  indicated  by  a  9.  0.  In 
this  case,  the  edited  range,  is  either  an  extrapolated 
range  or  the  raw  range,  depending  on  the  number  of 
successive  bad  samples  which  have  occurred. 


ED.  DIFF. 


First- differences  of  the  edited,  ranges 
SM.  DIFF.  First  differences  of  the  smoothed  ranges 

RD  Range  rate  derived  from  .the  least  squares  smoothing 

coefficient  (subroutine  SCR)  in  units,  of  meters  per 
second 

RDD  Range  acceleration  derived  from  the  least  squares 

smoothing  coefficients  (subroutine  SCR)  in  units  of 
meters  per  second  per  second 

IC  Measu  zed  ionospheric  correction  derived  from  DI  - 

IC  and  including  the  calibration  constants 
C  Program  data  quality  indicator 

-  =  no  correction  necessary 
A  =  ambiguity  correction 
B  =  bad  sample 

At  the  end  of  each  data  block,  the  number  of  bad  samples  (MUM  BAD),  the-c 
number  of  least  significant  ambiguities  applied  (NUM  AMB),  and' the  RMS  of 
the  smoothing  residuals,  (RMS  ERROR)  are  indicated. 


GEODETIC  SECOR 

USA  2 

SAN  DIEGO 

orbit 

HR 

M 

S 

MS 

RAH  range 

ED.  RANtiE 

SM.  RANGE 

RESIDUAL 

EDIT  CORR, 

ED, 

0 

2* 

19 

628 

1777600.00 

1777577,00 

1777577,13 

-.13 

0 

n 

25 

19 

728 

1777699.25 

1777676,25 

1777676,37 

-.12 

o 

1 

0 

25 

19 

628 

1777799.25 

1777776,25 

1777776,03 

,22 

0 

1 

0 

25 

19 

928 

1777899,50 

1777876, 5n 

1777876,06 

.44 

o 

1 

0 

25 

2ft 

28 

1777999.50 

1777976.5(1 

1777976,43 

.07 

0 

1 

0 

25 

2ft 

128 

1778100.25 

1778077,25 

1778077,15 

.10 

0 

1 

0 

25 

2  0 

228 

1778201.00 

1778178,00 

1778178,24 

-,24 

0 

1 

D 

25 

2ft 

328 

1778558.50 

1778279,50 

1778279,65 

-.15 

-256.00 

1 

0 

25 

20 

428 

17784Q5.00 

1778382,00 

1778381,42 

.58 

0 

1 

0 

25 

2ft 

528 

1770762,50 

l778483,5n 

1778483,50 

- .  00 

-256,00 

1 

0 

25 

2ft 

628 

1794993.00 

1778586,00 

1778585.97 

,03 

•16384 ,00 

1 

0 

25 

2ft 

728 

1778711.75 

1778688,75 

1778688,80 

-  ,  0  5 

0 

1 

0 

25 

2ft 

828 

1778815,00 

1778792,00 

1778791.95 

.05 

0 

1 

0 

25 

2fi 

928 

1778918.25 

1778895,25 

1778895,50 

-.25 

0 

1 

0 

25 

2t 

28 

1779022.00 

1778999 ,00 

1778999.36 

•  ,  36 

o 

1 

0 

25 

21 

128 

1779126.50 

17791q3 , Sy 

1779103,57 

- ,  0  7 

0 

1 

0 

25 

21 

228 

1779231.25 

l7792o«.a5 

17792o0.ll 

.14 

o 

1 

0 

25 

21 

328 

1779335.75 

1779312, 76 

1779313 ,oo 

-.25 

0 

1 

0 

25 

21 

428 

1779441,00 

1779418, 00 

1779418,24 

-  ,  24 

o 

1 

() 

25 

2l 

528 

1779547.25 

1779524.25 

1779523.83 

.42 

o 

1 

0 

25 

2l 

628 

1779652.75 

1779629, /5 

1779629,77 

- .  0  2 

o 

1 

0 

25 

2i 

728 

1780015.75 

1779736,75 

1779736,13 

.62 

•  256 , o  o 

1 

0 

25 

2t 

828 

178q122.oo 

1779843,00 

1779842,75 

.25 

-256,00 

1 

0 

25 

2l 

928 

1779972.75 

17799/49,75 

1779949,71 

.  O4 

o 

1 

0 

25 

22 

28 

l78flo8o,00 

1700057,00 

1780057, oi 

-.01 

0 

1 

(1 

25 

22 

128 

178q187.oo 

1780164,00 

1780164.65 

-.65 

0 

1 

0 

25 

22 

228 

1780295. 25 

1780272,25 

1780272,63 

-  ,3s 

Q 

1 

0 

25 

22 

328 

17804o3.75 

1780^80. 75 

178o38o,94 

-.19 

0 

1 

0 

25 

22 

428 

1780513.00 

1780490.00 

1780489.61 

.39 

0 

1 

0 

25 

22 

528 

1780622.00 

1780599,00 

1780598,61 

.39 

0 

1 

0 

25 

22 

628 

1780731.25 

1780708,25 

1780707.95 

,30 

0 

1 

0 

25 

22 

728 

1780040 . 75 

1780817,7^ 

1780817.60 

.15 

0 

1 

0 

25 

22 

828 

l78o°5o .50 

1780927,50 

1780927,63 

-  ,  1 3 

0 

1 

0 

25 

2? 

928 

1781060.50 

1781037,50 

1781037,99 

-.49 

u 

1 

c 

25 

23 

28 

1781171.75 

1781148,75 

1781148, 75 

-  .  00 

0 

1 

0 

25 

23 

128 

1781283,00 

1781260,00 

1781259.91 

.09 

0 

1 

0 

25 

23 

228 

1781394.50 

1781371,50 

178l37i,4() 

.10 

0 

1 

0 

25 

23 

328 

1781006,25 

1781483,25 

1781483,22 

.03 

0 

1 

n 

25 

23 

428 

1781618.25 

1781595,25 

1781593,38 

-.13 

0 

1 

*J 

25 

23 

528 

1781730, 7b 

1781707.75 

178i7q7,9q 

-.15 

0 

1 

0 

25 

23 

628 

1781r43.50 

1781820 ,5q 

178l82n,79 

« ,  29 

0 

1 

0 

25 

23 

728 

1781957.00 

2  731934,  go 

1781934,05 

- .  05 

0 

1 

0 

25 

23 

828 

1782070.25 

1782047,25 

1782047,63 

-,3a 

o 

1 

0 

25 

23 

928 

1782184,50 

1782161,50 

1782161,54 

-  «  0  4 

o 

1 

ft 

25 

r>  a 

K.  -T 

^  n 

C  O 

5782299.25 

I/O  ccr a  tc  ' 

178227?,.  Si 

» 44 

o 

1 

0 

25 

?.< 

128 

1782413,75 

178239Q, 75 

1732390,39 

.36 

o 

A 

1 

0 

25 

2< 

228 

1782529,00 

17825o6,qo 

1782505,30 

,70 

o 

1 

0 

25 

24 

328 

1782643,5q 

1782620, 50 

1782620, 6i 

-.11 

o 

1 

0 

25 

24 

4  28 

1762759.25 

3782736,25 

1782736,29 

- .  0  4 

n 

i 

0 

25 

24 

520 

1782875. 75 

1782852,75 

1732852,32 

.43 

V 

n 

<4» 

1 

0 

25 

24 

628 

1-782991  , *0 

1782968 , 50 

1782968,68 

-.10 

y 

o 

1 

0 

25 

24 

728 

1783108 .00 

1783 oft5,Q0 

1783085, 37 

-.37 

o 

1 

n 

25 

24 

828 

1783224.75 

1783201,75 

17832o2, 

- « 66 

0 

1 

NUM,  BAD  MiM,  AHB.  RMS  HRRCR 
0  -5n  ,3232 


SAN  DIEGO 

0R8IT  1269 

RES I  DUAL 

EDIT  CORR t 

ED,  DJfF, 

• ,  13 

0 

99,25 

-.12 

0 

100*00 

.22 

Q 

100.25 

0 

100*00 

.07 

0 

100.75 

.10 

0 

100.75 

.,24 

0 

101,50 

-.15 

-256,  no 

102,50 

.58 

0 

101.50 

- .  00 

-256, 00 

102,50 

.  0  3 

“i.6384 ,  no 

102,75 

-.05 

0 

103,25 

.05 

0 

103.25 

- ,  25 

0 

103.75 

•  ,  36 

0 

104, 50 

-.07 

0 

104.75 

.14 

0 

104. 5q 

-.25 

0 

105.25 

• .  24 

0 

106,25 

.42 

0 

105,5o 

- .  02 

0 

107,00 

.62 

-254.Q0 

106.25 

.25 

-256,00 

106.75 

.  0  4 

0 

107,25 

-  .  oi 

0 

107,00 

- .  65 

0 

108.25 

. ,  38 

0 

108,50 

-.19 

0 

109,25 

.39 

0 

109,00 

.39 

0 

109,25 

.  3  0 

0 

109,50 

« 15 

0 

109.75 

-.13 

0 

110.00 

-.49 

0 

111,25 

•  ♦  0  0 

0 

Hi,  25 

.09 

0 

111.50 

,10 

0 

111.75 

,03 

0 

112.00 

®  .  13 

0 

112.50 

-.15 

0 

112.75 

.,29 

0 

113,50 

-.05 

0 

113,25 

.,33 

0 

114,25 

• « 04 

0 

114,75 

.44 

n 

114,5- 

.36 

0 

115,25 

.  70 

0 

114, 50 

-  .  11 

0 

115,75 

-.p4 

0 

116 ,5fl 

.43 

0 

115.75 

o.l8 

0 

116, 5p 

.,37 

0 

116,75 

.  o  66 

0 

116.,  75 

.  DIFF, 

RD 

ROD 

I .  C , 

C 

99,25 

991 

36 

22.00 

m 

99,66 

994 

36 

21.33 

m 

100.02 

998 

-  36 

21.33 

** 

100.37 

1002 

36 

21.33 

m 

100.72 

1003 

35 

?1.33 

*> 

101.09 

1009 

35 

21.33 

m 

101.42 

1012 

35 

21.33 

m 

101.76 

1016 

35 

22.00 

A 

102,09 

1019 

35 

21,33 

<9 

102,46 

1q23 

35 

22.00 

A 

1 0  2  d  6  3 

1026 

35 

22.00 

A 

103 .16 

1030 

35 

21.33 

• 

103.55 

1033 

35 

22.00 

• 

103,86 

1037 

35 

22.0  0 

m 

104.2l 

1040 

35 

22.00 

m 

104.54 

10  44 

35 

21.33 

m 

104.88 

10  47 

35 

21.33 

«i 

103.25 

1 0  3l 

35 

22.00 

m 

105.59 

1034 

35 

21.33 

m 

lfl5 ,95 

1o38 

35 

21.33 

m 

106.35 

1061 

35 

22.00 

m 

106 . 62 

lu64 

34 

21.33 

A 

106 , 96 

1068 

.34 

22.00 

A 

107,3q 

1071 

34 

22.00 

107.65 

1075 

34 

22.00 

107.98 

1078 

34 

22,67 

I08*3l 

1082 

34 

22.67 

108.67 

1085 

34 

22.00 

109,00 

1088 

34 

21.33 

109,34 

1092 

.34 

22,67 

109 , 66 

1095 

35 

22.00 

110.02 

1099 

35 

22.00 

110.37 

1102 

35 

22.67 

110 . 76 

1106 

35 

22.67 

111.16 

1109 

35 

22.67 

111,49 

1113 

35 

22.00 

111,82 

1116 

35 

22,67 

112,16 

1120 

35 

22,0  0 

112,52 

1123 

35 

22.00 

112.88 

1127 

35 

22,67 

113,26 

113q 

35 

22,67 

113,58 

1134 

35 

22.00 

113.91 

1137 

34 

22.00 

114,27 

1141 

34 

22.00 

A  4  4  Wu 

XX  ’  »  “  V 

11-44 

*  i 

O  *T 

21.33 

114.91 

1148 

35 

22.00 

ll5,3i 

Il5l 

35 

22.00 

115,68 

1155 

35 

22.00 

116,q3 

1158 

35 

22.00 

116,36 

1162 

34 

22.00 

114,6V 

1165 

34 

22.00 

117 ,  (j4 

1168 

34 

22.00 

117,34 

1172 

34 

22.00 

S-7 


S.3  Satellite  Position  Data  Listing.  T.he  satellite  position  data  listing 
was  produced  during  the  simultaneous  mode  satellite  position  calculation 
(program  PASS3).  In  order  to  provide  an  easily  read  printout  format,  four 
sheets  were  used. 

Sheet  1: 


H,  ;M=,  S,  MS  Time  recorded  by  station  1  which  was  used  as  the  time 

reference  in  hours,  minutes,  seconds,  and  milliseconds 
TRACKERS  The  four  numbers  .indicate  which  of  the  four  tapes  were 

time -synched  (e.g.  1234  if  all  four  tapes  were  synched; 
1-230  it  tapes  L,  2,  and  3  were  synched) 

RANGE  1,  AZ  1,  Range,  azimuth,  and  elevation  as  determined  from  the' 
EL  1  input  survey  data  and  the  satellite  position  using  the 

ranges  from  stations  1,  2,  and  3.  This,  information 
is  included  for  each  of  t.ie  four  stations. 

Sheet  2: 


H,  M,  S  ,  MS 


LATITUDE, 

LONGITUDE, 

HEIGHT 


EQ  VELOCITY 


Time  in  hours,  minutes,  seconds.,  and  milliseconds 
as  on  sheet  1  ; 

Latitude,  west  longitude,  and  height  of  the  satellite 
as  determined  using  stations  1„  2,  and  3,  in  units  of 
degrees  and  meters 

Equatorial  velocity  determined  from  the  ranges  and 
range  rates  of  stations  1,  2,,  and  3  in  units  of  meters= 
per  second  . 


Sheet  3: 


The  corrections  determined  for  each  of  the  four  stations  are  listed  on  this 


sheet. 
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TROPOREFR 

CORR 

MEASURED  IC 

COMPUTED  IC 


TRANSIT  TIME 
CORR 


Sheet  4: 

LSSQ  OF  PER¬ 
MUTED  SOLU¬ 
TIONS 

VARIATION  OF 
PERMUTED 
SOLUTIONS  FROM 
LSSQ 

COMBINATION 


The  tropospheric  correction,  computed  using  the 
analytic  model  (subroutine  REF).  The  correction 
is  printed  in  meters  and  must  be  subtracted  from 
the  smoothed  range. 

Ionospheric  correction  from  the  edited  and  smoothed 
data  tapes.  This  correction  is  printed  in  meters  and 
must  be  subtracted  from  the  smoothed  range  (if  used). 
Ionospheric  correction  computed  using  the  analytic 
model  (subroutine  10NCR).  This  correction  is  in 
meters,  and  must  be  subtracted  from  the  smoothed* 
ranges. 

Transit  time  correction  which  makes  the  ranges  cor- 
respond  to  the  indicated  time  (computed  in  program 
PASS-3).  The  correction  is  in  meters  and  must  be 
added  to  the  smoothed  ranges. 

Average  latitude,  west  longitude,  and  height  of  the 
satellite  determined  from  the  four  permuted  solu¬ 
tions. 

Difference  of  the'lati'ude,  longitude,  and  height  of 
each  permuted  solution  and  the  LSSQ!  or  average 
solution. 

The  stations  used  in  the  four  permuted  solutions  are: 


123,  124,  134,  234. 
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2 

3 

4 

22.634  o* 

3q7 ,9 

16.6 

20^2979 

242.0 

1.9,0 

1230009 

ift 

14 

9 

31 

348 

1 

2 

3 

4 

21635  o* 

3q7 ,9 

16,8 

2041914 

242,0 

19. C 

1230897 

17 

14 

9 

31 

548 

1 

2 

3 

4 

2163614 

3o8, 0 

16.8 

2  li  4  08  49 

242.0 

19,1 

1231786 

1» 

14 

9 

31 

748 

1 

2 

3 

4 

2163720 

30®«O 

16, 8 

2039784 

242.0 

19.1 

1232675 

1« 

14 

9 

31 

949 

1 

2 

3 

4 

2163827 

3o& ,  0 

16,8 

2  0  3  8  7  2  o 

242.0 

19.1 

1233565 

20 

14 

9 

32 

149 

1 

2 

3 

4 

216393? 

3o6,l 

16.8 

2037657 

242,1 

19.1 

1234457 

21 

14 

9 

32 

348 

1 

2 

3 

4 

2l64044 

3fl®  4 1 

16.8 

2036593 

242.1 

i9.i 

1235349 

22 

14 

9 

32 

548 

1 

2 

3 

4 

2164153 

3o8,2 

16.8 

2q3553q 

242,1 

19.2 

1236242 

23 

14 

9 

32 

748 

1 

2 

3 

4 

2164264 

3  q  8 , 2 

16,6 

2034467 

242,1 

19.2 

1237136 

24 

1-4 

9 

32 

949 

1 

2 

3 

4 

216437? 

308.2 

16.8 

2033404 

242.1 

19.2 

1238q3i 

25 

14 

9 

33 

149 

1 

2 

3 

4 

2164480 

3o8,3 

16,8 

2o323-H 

242,2 

19.2 

1238926 

26 

14 

9 

33 

348 

1 

2 

3 

4 

2164598 

308.3 

16,8 

2031230 

242.2 

19.2 

1239822 

27 

14 

9 

33 

548 

1 

2 

3 

u 

2164712 

308,4 

16,6 

203q2i8 

242,2 

19.3 

1240719' 

28 

14 

9 

33 

748 

1 

2 

3 

4 

2164826 

308.4 

16.8 

2029156 

242,2 

19.3 

1241617 

29 

14 

9 

33 

949 

1 

2 

3 

4 

2164941 

308,4 

16,8 

2028095 

242,2 

19.3 

1242516 

30 

14 

9 

34 

149 

1 

2 

3 

4 

2 I65(j5  7 

308,5 

16,8 

202?034 

242,3 

19.3 

1243415 

31 

14 

9 

34 

348 

1 

2 

3 

4 

2165174 

308,-5 

16,8 

2025974 

2  <2 , 3 

19.3 

1244315 

32 

14 

9 

34 

548 

1 

2 

3 

4 

2165291 

3  0  8 . 6 

16,8 

2024913 

242.3 

19.4 

1245217 

33 

14 

9 

34 

748 

1 

2 

3 

4 

2165410 

3q8 , 6 

16,6 

2023853 

242,3 

1,9.4 

1246.119 

3« 

14 

9 

34 

949 

1 

2 

3 

4 

2165529 

308,6 

16.8 

2022793 

242,3 

19.4 

1?47022 

35 

14 

9 

35 

149 

1 

2 

3 

4 

2165646 

308,7 

16,6 

2021734 

242,3 

19.4 

1247925 

36 

14 

9 

35 

348 

1 

2 

3 

4 

2165768 

308,7 

16,6 

2020674 

242,4 

19.4 

1248830 

37 

5.4' 

9 

35 

548 

1 

2 

3 

4 

2165889 

3o8.8 

16,8 

2019615 

242,4 

19,5 

1249735 

38 

14 

9 

35 

748 

1 

2 

3 

4 

2166011 

3q8, 8 

16,6 

2018557 

242,4 

19,8 

12H641 

39 

14 

9 

35 

949 

1 

2 

3 

4 

2166133 

308.8 

16,8 

2017496 

242.4 

19,5 

1?5i548 

A  0 

14 

9 

36 

149 

1 

2 

3 

4 

2166257 

306.9 

16,8 

2014440 

242,4 

19.5 

1252455 

41 

14 

9 

36 

348 

1 

2 

3 

4 

2166381 

3o  8 , 9 

16,8 

2015333 

242,5 

19.6 

1253363 

4? 

14 

9 

36 

548 

1 

2 

3 

4 

2166506 

3q9 » 0 

16,8 

2014326 

242,5 

19.6 

1264272 

4.5 

14 

9 

36 

748 

1 

2 

3 

4 

2166632 

3n9 .  n 

16.8 

2ni 3269 

242.5 

1 9 , 6 

1255i52 

44 

14 

9 

36 

949 

1 

2 

3 

4 

2166759 

309,5 

16,8 

2012212 

242,5 

19.6 

1256092 

45 

14 

9 

37 

149 

1 

2 

3 

4 

2166886 

3o9,i 

16,7 

2011156 

242,5 

19.6 

1?570q3 

4ft 

14 

9 

37 

348 

1 

2 

3 

4 

2167014 

3oV.i 

16.7 

2010100 

242.6 

19.7 

12*7916 

47 

14 

9 

37 

550 

1 

2 

3 

4 

2167143 

3o9,2 

16,7 

230^0*4 

242,6 

1 9 , 7 

1258829 

48 

14 

9 

37 

75q 

1 

2 

3 

4 

2167272 

3fl9 ,2 

i6,7 

2007988 

242,6 

19.7 

1259743 

49 

14 

9 

37 

949 

1 

2 

3 

4 

2l674o2 

309,2 

16,7 

20Q6933 

242,6 

1.9,7 

126Q657 

50 

14 

9 

38 

149 

1 

2 

3 

4 

2167534 

3o  9 , 3 

16,7 

2005878 

242,6 

39,7 

1261573 

51 

14 

9 

38 

35fl 

1 

2 

3 

4 

2167660 

3o9,3 

1*.  7 

2u04823 

242.7 

19.8 

1262489 

52 

14 

9 

38 

550 

1 

2 

3 

4 

2167799 

309,3 

16.7 

2003760 

242.7 

1  9 , 8 

12634q6 

53 

1 4 

9 

38 

75o 

1 

2 

3 

4 

2167933 

3q9 , 4 

16,7 

2002714 

242.7 

19.8 

1264324 

54 

14 

9 

38 

949 

1 

2 

3 

4 

2168q67 

3q9,4 

1-6,7 

20Q1 66q 

242,7 

1  9 . 8 

$.265242 

J5 
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GRAND 

fowls 

I 

SaN  DIEGO 

I 

PAGE 

1 

4 

LARSON 

AF8 

Range  2 

AZ  2 

EL  2 

RANGE  3 

AZ  3 

EL  3 

range  4 

AZ  4 

EL  4 

2057921 

241.7 

1 8 , 7 

1217663 

i7  •  0 

*6#o 

1388796  i55.t 

37.3 

2054852 

24i ,  7 

18.7 

1218540 

17,0 

*6,o 

l368()9i 

l55,  o 

37,3 

2055743 

24i,7 

18.8 

1219417 

l7»o 

45,9 

1387386 

155.J 

37,3 

2054714 

241,8 

18.8 

1220295 

l7*o 

45,9 

1384682 

154.9 

37,4 

2053646 

241.8 

16,8 

1221174 

17. 1 

45,8 

1385979 

154,9 

37,4 

2052576 

241,8 

18. a 

1222054 

17.1 

45,8 

1385277 

154.8 

37,4 

205l5i0 

241,6 

18.8 

1222934 

l7oi 

45.7 

1384575 

154.8 

37.5 

2o5o442 

241,8 

18.9 

1223816 

17.1 

45.6 

1383875 

154.7 

37,5 

2u49375 

241.8 

18.9 

1224698 

17.1 

45 , 6 

1383176 

154,7 

37,5 

2q443o8 

241,9 

1«.9 

1225581 

17«1 

45,5 

1382477 

154.6 

37,5 

2047242 

241,9 

18.9 

1226465 

17.1 

45,5 

1381700 

154,6 

37.6 

2046175 

241,9 

19.0 

1227350 

17. 1 

*5.4 

1381083 

154.5 

37,6 

2045u0 

241.9 

l9.fl 

1226235 

17.1 

*5,4 

I38g388 

154.5 

37,6 

2  o  ^  4  o  4  4 

241,9 

19.0 

1229122 

17.1 

45,3 

1379693 

154.4 

37.7 

2042979 

242.6 

1.9,  o 

l23ooo9 

17.1 

45.3 

l3?9go0 

154.3 

37,7 

2041914 

242,0 

19,0 

123Q897 

17,1 

45.2 

1 3  7  8  3  o  8 

154,3 

37,7 

2  li  4  o  8  4  9 

242,o 

19.1 

1231786 

17,1 

*5.2 

1377616 

154.2 

37.8 

2039784 

242.0 

19.1 

1232675 

17.2 

45.1 

1376925 

154.2 

37,8 

2  0  3  8  7  2  o 

242.0 

19.1 

1233565 

17,2 

*5.1 

1376236 

154.1 

37,8 

2n37657 

242.1 

19.1 

1234457 

17,2 

*5.0 

1375547 

154.1 

37,8 

2036593 

242.1 

1 9 . 1 

1235349 

17,2 

*5.o 

1 3  7  4  8  6  g 

l54.0 

37,9 

2  0  3  5  5  3  g 

242,1 

19.2 

1236242 

17.2 

44,9 

1374173 

194.0 

37.9 

2034467 

242,1 

19C2 

1237136 

17.2 

**.9 

1373487 

153.9 

37,9 

2o334(j4 

242.1 

19.2 

I23803i 

17,2 

44,0 

137?8q3 

153.9 

38,0 

20323-4 

242,2 

19.2 

1238926 

17,2 

*4.7 

1372119 

153.8 

38,o 

2o3l2«o 

242.2 

19.2 

1239822 

17.2 

*4,7 

1371437 

153.7 

38,0 

2o3o2l8 

242,2 

l9  0  3 

1?40719 

17,2 

44,6 

1370755 

153.7 

38,i 

2029156 

242,2 

19.3 

1241617 

17,2 

44,6 

1370074 

153.6 

38.1 

2028Q95 

242.2 

19.3 

1242516 

17,2 

*4,5 

1369394 

153.6 

38,1 

2027034 

242,3 

19.3 

1243415 

17,2 

44.5 

1360716 

153.5 

38,2 

2025974 

242,3 

19.3 

1244315 

17,3 

44.4 

1368038 

153.5 

36,2 

2024913 

242.3 

19.4 

1245217 

17,3 

44,4 

1367360 

153.4 

38.2 

2023853 

242,3 

1.9,4 

1246U9 

17,3 

44,3 

1366684 

153.4 

38,2 

2022793 

242,3 

19.4 

1247022 

17,3 

44.3 

1366009 

153.3 

38,3 

2021734 

242,3 

19.4 

1247925 

17,3 

44,2 

1365336 

153.2 

38,3 

2020674 

242,4 

19.4 

1248830 

1.7,3 

44,2 

1364663 

153.2 

38.3 

2019615 

242,4 

19,5 

1249735 

17,3 

44,1 

1363992 

153 ,  i 

38,4 

20i«557 

,24  2,4 

19.5 

125064i 

17,3 

4*.l 

1363321 

153.1 

38,4 

2017498 

242.4 

19.5 

1251548 

17,3 

** .  0 

1362652 

153.0 

38,4 

2  0 1 6  4  4  q 

242,4 

19.5 

1252459 

17,3 

44,0 

1361983 

153.0 

18,5 

20l53d3 

242,5 

19.6 

1253363 

l7 ,3 

43.9 

1361315 

152.9 

38.5 

2014326 

242,5 

19,6 

1254272 

17,3 

43,9 

1 3  6  n  6  4  8 

152,8 

36.5 

2013269 

242,5 

19.6 

1255192 

1  7 , 3 

43,8 

1359982 

152.8 

38,5 

2012212 

242,5 

19.6 

1256q92 

17,3 

d3 , 8 

1350318 

152.7 

38,6 

2011156 

242.5 

19.6 

1?57qq3 

17,4 

43,7 

1358654 

152.7 

38,6 

20 1 0 i 0  0 

242,6 

19.7 

1257916 

17.4 

43,7 

1357992 

192.6 

38,6 

2  n  o  0  4  4 

242,6 

19.7 

1?58829 

1 7 , 4 

43,6 

l35733g 

152.6 

38,7 

20D7’ae 

242.6 

19.7 

1259743 

17.4 

43,6 

1356669 

152.5 

38,7 

2)06933 

242,6 

19.7 

1?6q65  7 

17,4 

*3.5 

1356  oi 0 

152.4 

38,7 

20Q5873 

242,6 

19,7 

1261573 

17,4 

43,5 

1355351 

152.4 

38,8 

2uo4823 

242,7 

19,8 

1262489 

l7,4 

43,4 

1354693 

1 52 . 3 

38,8 

2003760 

242,7 

1  9 . 6 

12634  <)6 

17,4 

43,4 

1354036 

152.3 

38,8 

2002714 

242,7 

19,0 

1264324 

17,4 

43,3 

1353380 

152.2 

38,8 

2001 86g 

242.7 

1  9 , 8 

1265242 

1 7 . 4 

43,3 

1352725 

152.2 

38,9 

S-10 


# 


uEnDETlC  SEUfih  USA  2  SATELLITE  POSITION  ORHlT  U 


1 

H 

14 

M 

9 

S 

2>3 

MS 

348 

LATITUDE 

39,1712 

LONGITUDE 

114.6279 

HHGHT 

925569 

Xc 

-2362458.55 

YE 

•5153421.48 

459  j" 

2 

14 

9 

28 

54ft 

39,1817 

114,6221 

925574 

-236159!. 78 

-5i579nl,79 

459?* 

3 

14 

9 

2« 

748 

39,1921 

114,6164 

V?5579 

-236o724,59 

-5i523Bl,43 

45931 

4 

14 

9 

28 

949 

3°.2o?5 

114.6106 

925583 

-2359857,29 

-5i5i86o,82 

45941 

5 

14 

9 

29 

149 

39.2129 

ll4,6o4B 

925588 

-2358990.14 

-5i51339.90 

45951 

6 

14 

9 

29 

348 

39,2234 

il4.5990 

925992 

-2358122,68 

•5i5n8l8.50 

4596*i 

7 

14 

9 

29 

548 

39,2338 

114,5932 

925597 

-2357255, o7 

•5i50296.99 

4597^ 

b 

1 4 

9 

29 

74ft 

39,2442 

114,5875 

9  2  5  6  0 1 

-2356387,48 

-5i49775,42 

4598* 

y 

14 

9 

29 

949 

39,2546 

U4,58l7 

9*56  ob 

-2355519.79 

-5i49253, 82 

4*001 

lo 

14 

9 

3  o 

149 

39,2651 

114.5759 

9356i0 

-2354652,22 

-5i4ft73lt72 

46  0 1  ( 

11 

14 

9 

3o 

34fl 

39,2755 

ll4.57Ul 

9256 18 

-2353734,45 

-5t4H209,62 

46o?( 

l's 

14 

9 

3  o 

54fl 

39,2859 

114,5643 

925620 

-2352916,50 

-5i476ft7.l5 

46  q3, 

13 

14 

9 

3  0 

748 

39,2963 

114,5585 

925624 

-235204« .46 

-5l47i64.85 

46q4: 

1 4 

14 

9 

3  0 

949 

3«,3068 

11.4,5527 

925629 

-235ll80,26 

»5i46642 ,38 

460?) 

l5 

l4 

9 

31 

149 

3  9 , 3 1 7  2 

114,5469 

925633 

-239c3ll,88 

-5146119,92 

46  q6) 

1* 

1 4 

9 

31 

348 

39,3276 

114,5411 

9*5638 

-2349443.51 

-5145597, 12 

4607J 

1? 

l4 

9 

31 

548 

39,3360 

114,5353 

9*564* 

-2348575 , 0  7 

-5i45q73 , 66 

460«J 

1* 

14 

9 

31 

74ft 

39,3484 

114,5295 

9*5647 

-2347706.40 

-5i4456o . 57 

46o9! 

1’ 

14 

9 

31 

94° 

39,3569 

114,5237 

925651 

-2346837.85 

-5i44q26 ,95 

46ioS 

20 

1 4 

9 

32 

149 

39,3693 

114.5179 

9*56  5ft 

-2345969.0* 

-5i435r)3,54 

46n; 

21 

14 

9 

32 

348 

39,3797 

Il4,5i2i 

925660 

-2345ioo . I4 

-5i4?979.68 

46i?; 

22 

14 

9 

3? 

548 

39,3901 

114.5063 

9''5665 

-2344231.1ft 

-5142455,51 

46l3; 

23 

14 

9 

32 

74« 

39 , 4qq5 

n4.5no5 

9*567o 

-2343361.93 

«5i4i93l,2o 

46i4- 

2* 

l4 

9 

32 

949 

39,4uo 

114.4946 

9*5674 

•2342492,48 

-5i4i4o6.8i 

4615- 

25 

14 

9 

3? 

149 

39.42J4 

1 1 4 ,4888 

9*5679 

-23416*2.96 

-5i4n882.*4 

46 16 

2ft 

1  4 

9 

33 

348 

39,4318 

U4. 483o 

925683 

-2340753.47 

-5i4f,358.l6 

4817 

27 

1 4 

9 

33 

548 

39,4422 

114.4772 

9*5688 

-2339863.88 

-5139833, 18 

46 1? 

2« 

l4 

9 

33 

748 

39,4526 

114.4713 

92569* 

-23390 4 , 1  7 

-5i39307,72 

4619 

29 

l4 

9 

33 

949 

39,463o 

114,4655 

925697 

-2338144.45 

-5i3B782,54 

462n 

30 

14 

9 

34 

149 

39,4735 

114.4597 

v257q* 

-2337274.60 

-5138257, 16 

4821 

3i 

l4 

9 

34 

348 

39.4R39 

114.4539 

9*57  0  6 

-2336^04,74 

-5137731, o4 

462? 

32 

l4 

9 

34 

54? 

3« ,  4943 

ll4.4480 

V*57lo 

-2335534.51 

-5l37204.52 

4623 

33 

14 

9 

34 

748 

3o,5047 

114.4422 

v*  57^5 

-2334604.34 

-5i3ft676 , 3q 

4624 

34 

l4 

9 

34 

949 

39,5151 

114.4364 

9?5?2u 

-2333793,89 

-5i3ftl5i ,84 

4625 

35 

l4 

9 

35 

149 

39,5256 

114,43q5 

'9*5724 

-2332923 ,06 

-5i35625 , 59 

4626 

3^ 

l4 

9 

35 

348 

39,5360 

114.4247 

925729 

-23320*1.96 

-5i3“»o99.2o 

4627 

37 

14 

9 

35 

54ft 

39,5464 

114,4188 

9*5734 

-233ilrt0.«J3 

-5x34572. 87 

4626 

3« 

14 

9 

35 

74ft 

39,5568 

li4,4l3o 

V  ’5738 

-233o3m9,65 

-5i34046,2l 

4629 

39 

14 

9 

35 

949 

39,5672 

114,4q7i 

925743 

-2329438.39 

-5133519.16 

463o 

4fi 

14 

9 

3ft 

149 

39,5776 

114 ,401-3 

9  .-57  48 

-2328567, 20 

-5132992. 11 

4631 

41 

14 

9 

36 

348 

39,5860 

11 4,3954 

9*5752 

-2327696.14 

-5i3?464,47 

463? 

42 

l4 

9 

36 

54fl 

39,5964 

114,3896 

9*5’757 

-23268*5.13 

-5i3i936,43 

4633 

43 

14 

9 

36 

748 

39 , ft  q69 

114,3337 

9*576) 

-2325953.84 
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12,6 

2 

’A 

16, 7 

60.7 

23,q 

36,4 

15,6 

\2 

16,0 

6o,6 

?3.0 

36.4 

15,6 

.5 

16.7 

6fl  ,  5 

23,o 

36,3 

lb.,  7 

2 

15.3 

60.5 

73,o 

36,3 

15.7 
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transit  time  corr. 
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-5b, 7  -2 1 , ? 
-5b, 6  -2l.i 
-5b, 6  -21,1 
-5b, 6  -2i,o 
•58,5  -2l,o 
-5b, 5  -20§* 
•55,5  -2o,9 
-55,4  -2o.fi 
-55,4  -2n.7 
-55,4  *2  o  ,  7 
“55,4  -2n.6 
-5S3  -20.6 
-55,3  -20.5 
-55,3  "2o .  5 
-55,2  -2 j,4 
-56,2  -2q,3 
-55.2  -2o,3 
-55,2  -2n,2 
-55,1  -2o,2 
"bb.!  -20,! 
-56,1  -2  o  ,  1 
-55.0  -20,0 
-56,o  -20.0 

-5b, o  -19,9 
-55,o  -19,8 
-54,9  -19,8 
-54,9  -19,7 
-54,9  -i 9 , 7 
-54,8  -19,6 
-54,8  -19,6 
-54,8  -19,5 
-54,8  -19,5 
-54,7  -i 9,4 
-54,7  -19,3 
-54,7  *19,3 
-54,6  -19,2 
-54,6  -i?,2 
-54,6  ®i 9 , j 
-54,6  -19,1 

"54,6  *19,0 
-54,5  -10,9 
-54,5  -i«3,9 
"54*5  -18,8 
-54,4  -18,8 
-  5  4  ,  <5  •  1 8 , 7 
-54,. i  -18,7 
-54,4  “i 8 , 6 
-54,3  -lb, 6 
-54,3  -18,6 
-54,3  -18,4 
"54,2  -ia,4 
-54,2  -18,3 
-54,2  -18,3 
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-39,4 
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-39,4 
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-39,4 
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-39,3 

8.7 

-39,3 
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8.9 

-39,2 

8.9 

-  39  |  2 

9.0 
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9.1 

-39,1 
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-39,0 

9.2 

-39,0 

9.3 

-39.0 

9.3 

-38,9 

9.4 
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9.5 

-38,9 

9.8 

-38,8 

9.6 

-38,8 

9.7 

-38,8 

9.7 

•3fi  ,  7 

9, A 

-38,7 

9.9 

-38,6 

8.9 

-38,6 

10.0 

-38,6 

10.1 
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lo.t 

«3fl  ,5 

10.? 

-38,4 

I  f) .  3 

-38,4 

10. 3 

•38 , 4 

in .  4 

•38,3 

in. 5 

-38,3 

10 .5 

-38,3. 

10,6 

-38,2 

lo,' 

•38,2 

In. 7 

-38,1 

10.8 

-38 , 1 

10.8 

-38,1 

Jr/.  9 

-38 ,  n  • 

11.0 

-3fi,o 

11. n 

-38,0 

il.l 

*37,9 

11,2 

S  - 12 


i 

r 

5  p 

1. 

Lb SO  OF 

•eoDGT 1 C  SeOOR  USA 

=erhuted  sulutions  variation  of 

?  SATBLLITI?  POUTION  ORB! 

PERMUTED  SOLUTIONS  FROM  ISSO  cOM| 

I  l 

39.1712 

114.6270 

925b?o 

.  0000 

.  0000 

-1 

.0000 

*•  >  0  0  0  0 

1  -.0000 

ft  1 

l  ' 

39.1617 

114.6221 

925671 

.  0000 

.0000 

-0 

.0000 

-.0000 

0  -.0000 

•  i 

f  3 

39.1921 

114.6164 

925579 

.  0000 

,0000 

-0 

.0000 

-  *  0000 

0  -.0000 

, ( 

l  4 

39.2025 

114.61fl6 

925 ->«4 

.  0000 

.0000 

-0 

.0000 

•  ♦  0000 

0  -.0000 

,  ! 

&  **' 

*  * 

39.2129 

114.6048 

925^88 

.  0000 

.0000 

-0 

.0000 

-.0000 

0  “.0000 

•  j 

1  6 

30.2234 

Il4.599n 

925^93 

.  0  0  0 II 

.  0000 

-1 

•  0000 

- .  0000 

1  “.0000 

,  ( 

|  7 

39,2338 

114.593? 

925597 

.  0000 

.0000 

-1 

•  0000 

-.0000 

1  -.0000 

9  1 

:•  h 

39. '->442 

114,5874 

9256  0? 

*  0000 

.  0000 

-1 

•  0000 

-  .0000 

1  -.0000 

.  i 

;  9 

3c,;?;m  8 

114.5817 

925606 

.  0000 

.0000 

-0 

.0000 

-.0000 

1  “.0000 

«  \ 

|  10 

3  9 , 2  6  5 1 

114,5759 

9  2  5  r«  1 1 

.  0000 

.0000 

-1 

.0000 

-.0000 

1  -.0000 

•  I 

t  11 

39.2715 

11  4 , 57  (jl 

925616 

.  0000 

•  0000 

-1 

.0000 

“.  0000 

1  “.0000 

•  1 

39.2b59 

114.5643 

92502q 

.  0000 

.  0000 

-1 

•  0000 

-.0000 

1  -.0000 

.  1 

?  l-< 

39,2963 

114.5581 

925021 

.0000 

•  0000 

-1 

.0000 

-.0000 

1  “.0000 

.  1 

!  1^ 

3?  .3o6fl 

114.5527 

925^20 

.  0000 

.0000 

-1 

.  0000 

-.0000 

1  -.0000 

.  i 

f'  lb 

39.3172 

114.5469 
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.  0000 

.0000 

-1 

.0000 

-.  0000 

1  -.0000 

,  1 

1  It 

39.1276 

114.54U 

925638 

.  000G 

.  0000 

*0 

.  0000 

--oooo 

1  -.0000 

f 

I  l7 

39.3380 

114.5353 

925643 

.  0000 

.  0000 

-1 

.0000 

OOQO 

1  -.0000 

• 

1* 

39.3484 

114.5291 

925647 

.  0000 

.0000 

-1 

.0000 

”.0000 

1  -fOOOO 

« 

1  ly 

39.35fig 

114.5237 
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'0 
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1  -.0000 

t 

f  2n 
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114.5170 

925656 

.  0000 
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-0 
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-.0000 

0  -.OOCO 

• 

t  2l 

3o.  1797 

114.5121 
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.  0000 

-0 
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-.0000 

0  -.0000 

ft 

S'  ?2 

39.3901 

114.5063 

925»61 

.0000 

•  ocoo 

-0 

•  0000 

-.0000 

0  -.0000 

« 

!  23 

39.4005 

114.5004 

925670 

,  0000 

•  0000 

-0 

.0000 

- .  0000 

0  -.0000 

• 

I  24 

39.4110 

114.4946 

925674 

•  w  0  0  9 

.0000 

-0 

.0000 

-.0000 

0  -.0000 

€ 

I  25 

30.4214 

114.4888 

925479 

.0000 

.  0000 

-0 

.  0000 

-.0000 

0  - . oooo 

• 

j  2t 

39.4318 

114.4830 

925683 

-.0000 

-.0000 

0 

-  .  0000 

.0000 

“0  .0000 

• 

f  27 

39,4422 

114.4772 

925688 

-.Q00« 

-.0000 

0 

- .  0000 

.0000 

-0  .0000 

- . 

2« 

39.4526 

114.4713 

925692 

-.0000 

-.0000 

0 

-.0000 

.0000 

-0  .0000 

«•  * 

1  29 

39.463Q 

114.4655 

925697 

-.0000 

-.0000 

0 

-.0000 

.  0000 

“0  .0000 

5*  , 

1  3* 

39.4735 

114.4597 

92570i 

“.0000 

-.0000 

0 

- .  0000 

.0000 

-0  .0000 

•  * 

£  3i 

39.4639 

114.4539 

9?57fl6 

-.0000 

-.0000 

0 

- .  0*00 

.  0000 

-0  .0000 

s  3  ? 

39.4943 

114.448(1 

9257.U 

.0000 

,.0000 

-0 

•  oooo 

-.0000 

0  -.0000 

* 

1  J3 

39.1047 

114.4422 

9257J6 

.0000 

.0000 

“0 

,0000 

-.  0000 

0  -.0600 

l  34 

39.1111 

114.4364 

925720 

.  0000 

•  0000 

-1 

.0000 

-.0000 

1  -.0000 

f  35 

39,1256 

114 .43{}5 

925721 

,0000 

.  0000 

-0 

•  0000 

- .  0000 

1  “.0000 

• 

1  2$ 

3  9 , 1 3  6  (j  114.4247 

?257?o 

.0000 

.  0000 

'0 

.  0000 

-.0000 

3  -.0000 

f 

I  37 

39,5464 

114.42,88 

925734 

.  0000 

.0000 

-0 

.0000 

-.0000 

0  -*0000 

• 

g  36 

39.1568 

114.413(1 

925738 

.0000 

.0000 

•  A 

•  0000 

-.0000 

0  -.0000 

• 

|  39 

39,5672 

114.4071 

925743 

-. 0000 

- . 0000 

0 

-.0000 

.0000 

“0  .0000 

c*  # 

|  4r, 

39.1776 

1 1 4 , 4  0 1 3 

925748 

-.0000 

•.0000 

0 

- .  0000 

•  0000 

“0  *0000 

41 

39 , 168  0 

114.3954 

92571? 

-.0000 

-  .0000 

0 

"♦00C0 

.  0000 

“o  .0000 

• . 

?  4? 

39,1984 

114.3896 

925757 

-.0000 

- .  0000 

0 

- » ouoo 

>  0000 

-0  >0000 

- . 

J  43 

&  .  - 

39 ,4ofl9 

H4.3837 

925761 

.0000 

.0000 

-0 

•  0000 

-  .0000 

0  -*0000 

• 

?  44 

39,6193 

114.3779 

925764 

-.0000 

-.0000 

0 

-  .0000 

•  0009 

-0  .0000 

- . 

?  4b 

39.6257 

114 . 372  0 

525770 

-.0000 

-.0000 

0 

“ .  0000 

.  0000 

-0  .0000 

f  46 

39 , 64  0 1 

114.366? 

925771 

-.0000 

-»oooo 

0 

-.0000 

•0000 

*0  <0000 

• . 

|  47 

39.85Q5 

114.3603 

925/80 

-.0000 

•  ,  0000 

0 

-  .0000 

•  0000 

-0  <0000 

|  48 

39,6609 

114,3544 

925784 

-.oouo 

•.0000 

0 

- .  0000 

•  0000 

-0  .0000 

£  49 

3  9  .  7  1  3 

114,3486 

925789 

-,0000 

-.0000 

1 

-.0000 

•  0000 

*1  .0000 

*  • 

^  5f» 

39.681V 

114.3427 

925793 

-.0000 

- .0000 

0 

- . 0000 

.  0000 

-0  .0000 

-  • 

1  51 

39,6921 

114.3368 

925796 

-.0000 

-.oooo 

0 

-•0000 

•  0000 

-6  .0000 

* . 

|  52 

39.7Q26 

114 , 33fl9 

925»03 

.0000 

.0000 

"0 

•  0000 

-•oooo 

0  -.0000 

• 

I  53 

39,7130 

114,3251 

925*o7 

.qooo 

•  0000 

-1 

•  0000 

-*0000 

1  -#0000 

t 

1  54 

1 

i 

F 

V* 

ft 

«* 

{• 

1 

& 

i? 

tr 

l: 

i 

39.7234 

114.3192 

92561? 

.  0000 

.  0000 

-1 

•  0000 

-*0000 

1  “»0000 

• 
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S .  4  3-3  CORDEX  Solution.  The  3  -3  CORDEX  solution  (program  PASS4) 

lists  a  su  hmary  of  results  followed  by  a  listing  of  each* discrete  solution. 

TM1,  TM2,  TM3  These  three  rows  indicate  for  each  time  span  used: 

1.  the  first  time  in  h  .u'rs,  minutes,  seconds,  and 
milliseconds 

2.  the  last  time  in  hours,  minutes,  seconds,  and 
milliseconds 

3.  the  time  between  samples  in  hours,  minutes, 
seconds,  and  milliseconds 

4.  the  logical  tape  unit  on  which  the  satellite 
position  tape  was  mounted. 

Latitude,  west  longitude,  and  height  of  the  CORDEX 
station  input  (survey  values)  in  units  of  degrees, and 
meters 

Latitude,  west  longitude,  and  height  of  the  CORDEX 
station  determined  by  averaging  all  the  discrete 
solutions  in  units  of  degrees  and' meters. 

Difference  between  the  survey  and  the  average  coordi¬ 
nates  of  latitude,  west  longitude,  and  height  in  units 
of  degrees  and  meters 

The  rms  of  the  deviations  of  each  solution  from  the 
average  solution.  Units  are  degrees  and  meters. 


FST  INPUT 


FST  AVER 


FST  BIAS 


RMS  ERROR 


The  following  quantities  are  listed  for  each  discrete  solution. 
SAMP  Sample  number 


S-  14 


.LATITUDE 

-LONGITUDE, 

HEIGHT 

DEVIATION  FROM 
INPUT  POSITION 
DEV5  ATI  ON  FROM 
AVERAGE  POSI¬ 
TION 


Latitude,  west  longitude,  and -height  of  the  CORDEX 
stallion  in.degrces  and  meters 

Dev  iation  of  each  solution- from  the  input-  survey  posi,~ 
tion  in  latitude,  west  longitude,  and  height 
Deviation  of  each  solution  from  the  average  solution 
in  latitude,  west  longitude,  and  height 
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Gf-ODETIC  SfrCOR 


LNKNOWN  ST  ATI QN  LOCATION 


LARGE  QUAD 


tmi 

13 

52 

?1 

895 

1.3 

5? 

38 

92 

n 

0 

0 

?oo 

1 

FRT 

INPUT 

TM2 

if 

3 

52 

R6 

1  6 

A 

5 

86 

0 

0 

0 
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2 

FRT 

AVER 

Tm3 

1.4 

8 

55 

9  4  8 

14 

0 

5 

848 

(1 

C 

n 

POO 

3 

FRT 

bias 

NUMBER  OF  SAMPi  f.Ps  fin  RMS  ERROR 

Samp  iatitudf  LONGITUDE  heigmt  deviation  from  input  position 


1 

47.18498 

119.3*635 

336.7 

-.00  01.6 

-.  no  n i * 

-33.7 
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S.  5  3-2  CORDEX  Solution.  The  3-2  CORDEX  solution  (program 

PASS432)  listing  is  identical  with  the  3-3  GORDEX  solution  listing  (paragraph 
S.  4)  except: 

1.  orily  two  -spans  of  data  are  used,  and 

2.  the -height  of  the  CORDEX  station  is  input,  and  hot  calculated,  so  that 
no  error  is  indicated  in  the  height. 
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S-.  6  Line  Crossing  Listing.  The  span  of  data  used  in  the  determination 
of  the  minimum  angle  surn  is  listed  with  the  following  quantities  included: 

TIME  Time  in  hours,  minutes,  seconds,  and  milliseconds 

RANGE  1!,  RANGE  Ranges  in  meters  ii-om  the  two  stations  defining  the 
2  baseline 

HEIGHT  Satellite  height  in  meters 

GEOD  SUM  Geodetic  sum  determined  by  multiplying  the  central 

angle  sum  by  the  scaling  radius 
RANGE  SUM  Sum  of  RANGE'  1  and  RANGE  2 

ANGLE  SU^  Sumof\thc  central  angle  in  radians 

El,  E2  Elevation  angles  in  degrees  observed  at  the  ends  of 

the  baseline 

RESIDUAL  Difference  between,  the  geodetic  distance  sum  r  id  the 

polynomial  fit  in  meters 

IAT,  LONG  Latitude  and  west  longitude  of  the  satellite  in-degrees 

Following  the  above  listing,  the  results  of  the  line,  computation  are  printed 
as  follows:  - 

MEAS  MIN  SUM  Measured  minimum  geodetic  distance  sum  determined 

from  the  polynomial  fit  (meters) 

COMPGEODESIC  Geodetic  distance  (geodesic)  determined  from  the  input 

survey  data 

RMS  The  rms  of  the  polynomial  fit  residuals 

CENTRAL  ANGLE  Central  angle  determined  from  the  input  survey  data, 
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SCALING  RADIUS 

MIN  CENTRAL 
ANGLE 


Scaling  radius  determined  from  the  computed  geodesic 
and  the  central  angle  (meters) 

Minimum  central  angle  determined  from  the  polynomial? 
fit  in  radians 
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Orbital  Mode  Satellite  Position.  The  orbital  mode  satellite  position 
data  listing  (two  sheets)  was  obtained  during-.the  orbital  prediction  pass  (program 
GSORB).  The  following  quantities  were  listed: 

Sheet  1: 


SAMPL 

H,  M,  S,  MS 

LATITUDE 

LONGITUDE 

HEIGHT 

RC 


AZ 


EL 


RDC 
Sheet  2: 
SAMPL 
H,  M,  S,  MS 
RM 


RM  -  RC 
RDM 


Cumulative  count  of  samples 

Time  in  hours,  minutes,  seconds,  arid  milliseconds 
Predicted  latitude  of  the  satellite 
Predicted  weat  longitude  of  the  satellite 
Predicted  height  of  the  satellite  abovejhe  spheroid 
Range  from  the  predicted  satellite  point  to  the  unknown 
station 

Azimuth  of  the  predicted  satellite  point  with  respect 
to  the  unknown  station 

Elevation  of  the  predicted  satellite  point  with  respect' 
to  the  unknown  station 

Predicted  range  rate  at  the  unknown  station 

'Cumulative  count  of  samples 
Same  as  sheet  i 

Measured  orange  from  the  unknown  station  in  meters 
corrected  for  ionospheric  effects,  tropospheric  re¬ 
fraction,  transit  time,  and5  calibration 
Difference  between  the  measured  and  predicted  ranges 
Measured  range  rate  at  the  unknown  station  in  meters 


per  second 


RDM  - 

CORT 

IC 

COR1 

GSOR 


RDC  Difference  between  the  measured  and  the  ;predicted 

range  rates 

Transit  time  correction 

Measured  ionospheric  correction  (correction  is. 
subtracted  from  the  range), 

Ionospheric  correction  from  the  analytic  model  in 
meters  (correction  is  subtracted  from  the  range) 
Tropospheric  refraction  correction  (correction,  is 
subtracted  from  the  range,) 
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2:.,  Aiv.iwe-. J«cna 

3..  ■'npu^p;  ()-'.  Control  terd  with  2  tl  ree  digit  integers;  the  first' 
specifies  t)  o  rubber  of  samples  to  skip  between 
printouts,.  nun  second,  is  the  number  of  date 
f'ip»p  i.elte  used. 

I  ‘r.reugn  99  oa*a  4 apes  it  S^COR  format  ("See  figure  T.-1A «) 
4.  Cutouts.:  I  ls,rs- 


T  r.ark  1st  difference 

.,'nli  v.’  mark  Very  fine  chain  cl 

SV-tior.  f umter  Fine  charnel 

!;ur.  ,-rjnper  Coarse  channel 

yo\i h  .  Very  "oarse  channel 

Day  Extended  Range  channel 

Hour  (24  . ,r .  deck)  M-IC 

hirutOdr  i  -  D2 

fcooids  F  -  D3 

Fill ’seconds  F  -  L4 

range  (meters) 

S.u  Routines  Called:  :;ESCL”E.  FGKK/T 
C."  Linkage:  ‘Note 
MlfliOL:  ‘  • 

The  r,anre  data  are  corrected  end  compiled  in Lc  unambiguous  range 
words  fcy  the  FORMAT.  «id  PBEOI.VE  sub  rev  tine  a.  Only  every  i**1  sample 
is  considered  vuere  5  is  tr.e  first  integer  or  tea  control  card  fi.e.k 
1  -1  samples  are  skipped^,  .n<?n  at  'id  of  file  is  encoui  tered,  the 
pregrar  will  begin  a  new  tape  or  terrincty,  depe  iding  on  whether 
or  r.ot  ti  e  second  cor  Ire  1  integer  has  loer  satisfied. 


If:  ARK.' : 


For  coatiruoua  lists  of  more-  than  one  tape,  the  'tapes  must  be 
mounted  or;  successive'  in.its  always  beginriup  with  unit,  1 . 

An  alternate..  output  ftr.iat  roplac*s  fc-Sg,  F-.  j,  ‘uii  JW*,i  oy  the 
diTfe r-md^  between  the  overlap  hits. 


Tif2v 


COMMON  IRNT<27 


u?ure  1-1.  ri  tCf JK  D.^'U*  "Input  Record  and  Output  Format 


MU.  S130  ,  WQm&i  Geodetic  SJfCfrl.  *  -  . 

mm:  Geodetic  Itonaf ‘Ro.so^ufeiop  . 

CATEGORY::  Spocia*  IDENTIFICATION :  Subroutine'  RESOLVE- 

CCDH: ,  CODAP  CPC  -  1004’  -  .  '  •  .  '  '  ' 

PROGRAMMED:  G.W.  Rutherford  *  DATS:*  Feb.,  19(33 

PURPOSE:  To  compile  the  unambiguous  range  word,’  from  recorded  «Sfp'0p-  data;.. 
USAGE:  ’  ’  -  ■  . 

1;  Calling  Sequence:,  OAtL  RESOLVE  „ 

2.  Arguments:  Norse  _ 

3.  Inputs :  "Data  .stored;  in  IRNT  In  the  Coras t  output-  by  the. 

Geodetic  SPC  OR  Format  program;  Figure.'  T-1B  with-  sectors  10  through 
IS  are  blank. 

4.  Outputs:.  See  figure  Tr2B  ‘ 

5.  Routines  Called,:'  None  ; 

.  6.  Linkage :  COMMON  Af  R,  C,  INC?)  ,  IPh’T  (27) ,  TMP(9) 

METHOD:  " 

Compilation  of  tup  final  range.  w,ord  is  effected  by;  .combining  the 
corrected  r  tons' el  data  recorded von  the  SFQOR*  magnetic  tape.  The  *  A 
method  used  is  as  follows:  -  . 

1-,  l'  Is  subtracted  from  thh  reference  (R-D.,?VF)  to  obtain 'the 
very  xine  data.  .  ■'  ■  - 

•2  s  1!^.  is  subtracted  from  Dg.  (D'gfb.j  )=PN)  to  obtain  the  fine 
urtcor reefed  data. 

3.  The  4  least  significant  bits  (LSB)  of  the  fine  uncorrected 
data  are  subtracted  from  the- 4  most,  significant  bits'  (MSB)  of  the  . 
very  fine  data,,  the  MSB' of vbhe.  diff erence  is  repeated  for.  4  more 
bits  to  make  -an  8rb.it  word- which  is  called  tH?  fine  difference  (END);. 
4-«.  The  fine  difference  is-  then  added  to  the  'fine  uncorrected-  * 

to  form  the  fine  corrected,, data,  .  ’’ 

5;  ?_  Is  si u  tract ed  from  D-  to  obtain  the  coarse  uncorrected  data:. 

6.  Tee  coarse  uncorrected  data  is  corrected;  using  the  sfirie.  corrected, 

data  in  the  same  manner  as  described  in  steps  3- and  4.  ‘  ,  \ 

7.  id  suttradted  from  i)g  to  obtain  the  very  coarse’  uncorrected 
data. 

8.  The  very  coarse  uncorrected  data-  is  corrected  using  the. 

.coarse  corrected  data  ir.  the  same  manner  as  in  steps  ;S<  and'  ’4>  except 
that  thebe  are  5’  bits  overlap,  ,  > 

9.  The  expended  range  data  is  corrected  by  . lifting  the  .very  coarse 
corrected  data  in  the  satfe  manner  as  ir  steps  3  <and  4.  (.Mote 
that  the  extended  ra^ge  uoi'ri  ,.-.ecds-r.o  translation.) 

Toe  cbr-rectior  process  can.  correct  for  a  .difference  ,;ih  the 'over¬ 
lapping  bits  of  -plus  /„n\fcits and  mihur/ili  V  bite  .where 

n  is  the  number  of  overlapping  bits.  The  most  significant  (bit  of  the 
different®  between  words  to  be  corrected  is  repeated’  to  form  an  - 
8- If  t  word  for  the  following  reatebn:  -  ' 

Vfbett  a  1  appears,  as  the  most  significant  bit  of  the:  difference, 
it  indicates  that  the  subtrahend  is  larger  thab  the  minuend,  * 

•and  therefore,  should  be  sn^tracted  from  the  subtrahend  (.which:  is 
tae  word  being  corrected}..  By  repeating  thifc'  1  to  complete  an-  V  .* 
8-bit  word,  we  have  the  ^complement  of  the  naabe^  which. , should  be 
s»d  trailed  from  the  subtrahend  to  give  the  corrected  ..word,  Hbveysj* 


NO,  GT 2.0  PROJECT:  Geodetic  SECOR 

TIT LE:  Geodetic  SECOR  Format  Conversion 
CATEGORY:  Special  .  IDENTIFICATION:  Subroutine  FORMAT 

CODE:.  CODAP  CDC  -  1604' 

PROGRAMMER:  G«,  W.  Rutherford  'DATE:  Feb.,  1963 
PURPOSE:  To  rearrange  input  SECOR  data  into. a  meaningful  format, 

"'for  processing. 

USAGE. 

1.  Calling  Sequence:  CALL  FORMAT 

2.  Arguments:  None 

3.  Inputs:  One  Geodetic  SECOR  data  , record  stored  in  COMMON  IN(7) 

See  figure  T  -1A  for  input  tape  format. 

4.  Outputs:  Formatted  data  record  stored  in  COMMON  IRN’I(27)  as 

shown  in  figure  T-l  except  that  locations  10  through  .16 
are  loft  blank  to  be  completed,  by  the  range  resolution 
program. 

5.  Routines  Called:  None 

6.  Linkage.?  COM  MON, A,  B,  C,  ;N(7).  IRNT(27),  TMP(9) 

METHOD: 

This  program  is  simply  a  series  of  mask  and  shift  operations, 
to  group  the  data ’bits  recorded  on  each  information  channel  into 
a  binary  word  occupying  a  unique  memory  cell.  These  words  are 
stored  in  successive  locations  except  for  seven  blank  locations 
which  allow  for  the  insertion  of  a  resolved  range  word  and  its  compo¬ 
nents. 


RE  MARI'S 

This  program  is  usually  used  in  conjunction  with  the  RESOLVE  program 
which  resohes  and  inserts  the  range  word  into  the  list. 


T4%: 


/"•/» 


1,0 J  G200  PROJECT:  Geodetic  SECOR 

TITLE:  Geodetic  SECOR  -Editing  and  Smoothing 

wAfEGORY:  Data  Processing  IDENTIFICATION:  Program  PASS  2 

CODE:  Fortran  63-  CDC  1604 
■PROGRAMMER:  Dennis  Wilson 

PURPOSE:,  To  input  a  raw  SECOR  tape  From  one  station  and  produce  an  output 
tape  with  the  raw  data  plus  edited  and  smoothed  data. 

USAGE: 

1,  Card  -  Input. 

(1)  Title  Card  -  80  columns  10A8 

(2)  Indicator  Card:  1615 

1..  Logical  unit  fciV  input  tape 
2'.  Logical  unit  for'  output  tape 

3.  Block  length 

4. -  IC  Switch:  1  *  apply  IC.  2  =  don't  . apply  IC 

5.  Edit  and  Smooth  switch:  1  «=  yes,  2  *  no 

6.  Edit  span  length,  starting  span  length 

7.  Noise  gate 

8.,  Maximum  average  -second  difference 

9.  Maximum  number  of  successive  bad  samples 
iO«  Smoothing  output  point 

11.  Overlap,  smoothing  span 

12.  Degree  .polynomial  for  filter 

13.  List  1  option:  1  *  ye-B,  2  =  no 
14;  Not  used 

15.  Not  used* 

16.  Noe  used 

(>3)  Time  Card  1215 

First  time  (H,  M,  S,  MS),  Last  time  (H,  M,  S,,  MS)., 

Delta-  time  (H,  M,  S,  MS),. 

(4);  Calibration  Card  2(E17,10j3X). 

Range  calibration  - 

IC,  calibration 

Multiple  time  spans  may  be  processed  by  repeating  cards 
(l)  -through  (4).- 

2.  Mamslls. 

The  logical  units  are  assigned  vaccording  to  indicator  .1  and; 
indicator  2.  Generally  1  is  the  input  unit  and:  2  the  output  unit. 

fflat-PUk 

&  :  '  Inpui  Dj.ta 

The  input  data  is- listed  once  x*or  reference- 

b.  List  1' 

This  is  a  listing  of  the  unprocessed  data  which  may  be  deleted 
(and  generally  is)  by  use  of  indicator.  13.  The  format  is 
identical  t.o  that  of  EXAM1. 

c. 

This  is  a  listing  of.  the  processed  data.  The  following  is 
a  brief' description- of  the  various  columns: 
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(1)  HlE£  r  the  time  recorded' at  the  station  la  listed 
in  hours,  minutes,  seconds,  and  milliseconds, 

(2)  Raw  Range  -  the.  raw  range  from  the  input  tape. 

(3)  Edited  Range  -  the  range  output  by  the  editing  process 
plus,  the  input  range  calibration. 


(4)  Smoothed 
filter.. 


±  -  the  range  output  from  the  smoothing 


(5)  Residual  -  the  difference  between  the  edited  range 
(input  to  smoothing  filter)  and  the  smoothed  -range,, 

(6)  Edit -Correction  -  the  correction  applied  to  ray  range 
to  obtain  edited  range  '(minua  calibration),.  With  one 
exception i  the  edit  correction  will  be  ah  integral 
multiple  of  the  least  significant  ambiguity  ($.e., 

256  meters).  If  a  data  swnple  is  "bad"  (i.e..,  ,oann'6t- 
be  reduced  within  the  noise  tolerance  by  using  an 
integral  number  of  ambiguities)  then  tlie  edit  correction 
is  indicated  with  a  "9.0,"'  In  this  case  the  edited 
range  will  be  either  a  predicted  value  or  the  measured 
value  depending  upon  the  number  of  .successive  bad  samples 
which  have  occurred, 

(•?)  Edited  First  Difference  -  the  difference  between  the 
edited  ranges  (ARg)^  “  (Rg)'i+1  -  "(Rg^ 

(8)  Smoothed  First  Difference  -  the  difference  between  the 


smoothed  ranges  (AR^  -  (Rg)^l  -  (Rg), 

(9)  Ranee  Rate  -  the  time  derivation  of  the  smooth  range  data, 
The  units  are  meters/scc. 

;10)  Range  Acceleration  -  the;  second  time  derivative  of  the 
smooth, .range  data.  The  units  are  meters/sec^. 

!.ll)  Measured  Ionospheric  Correction  -  the  ionospheric  correction 
derived  from  VFIC  and  VF  including  the  IC  calibration, 


-VNo  correction 
A  =  Ambiguous  sample 
B  =  bad  sample 


At  the  end  of  each  block  three  values  are  printed}  <(a)  the 
number  of  bad' samples,  (b)  the  algebraic  shin  of' the  integral 
number  of  ambiguities  -used  to  correct  the  data  of  the  block,. 
-(c)  the  RMS  error  for  the  block. 
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(cl)  Because  or  the  overlapping  of  data-  in  the  editing  and 
smoothing  process,  the  overlap  portion  will  be  processed 
twice;  Because  of  this,  the  first  samples  of  each 
block,  will  only  indicate  the  results  of  the  second 
processing. 

(2)  The  values  indicated  in  a\  are  .not  for  the  previous' 

.  block  but  start  beyond  the  overlap  and  continue  into 
the  overlap  of' the  next  block-.. 


1  Quality  mark 

2  Station  number 

3  Run  number 

4  Month' 

5  Bay 

6  Hour 

7  Minute 

8  Second 

9  Millisecond 
10  Raw  Range 

IT  Raw  first  difference 
i2  >VF 
13-'  FN 

14  CS 

15  VC 

16  ER 

17  Dl-IC 

18  P.-D2 

-  19  H-D3 

20  R-D4 

21  -Reference 
.22/  D1 

23  D2 

24  B3 

25  D4 

26  IC 

27  Edited  range 

28  Edited  range  plus  calibration  and  1C 

29  Raw  first  difference  from  edit  routine 

30  Edited,  first  difference 

31  Edit  correction 

32  Smoothed  range 

33  Smooth  first  difference 

34  Residual 

35  Range  rate 

36  ,Rahge.  acceleration 

37  1C  correction  (including'  calibration) 

38 

i 
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The  output  tape  is  in  1604  FORTRAN  63  format  with  all,  words 
expressed  in  floating  point'  format,. 

REMARKS* 

1.  In  processing  multiple  time  spares,  a  time  span  of  (overlap)  x  At 
should  be  left  between  spans. 


* 


T 
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1*0 *  G205  PROJECT.:  Geodetic  SEC-OR 

TITLE:  *'  Block  Input  for  PASS  2 

CATEGORY:  Special  _  4 DENT IFI C  AT ION :  Subroutine  BKTNP 

CODE?.  Fortran  63  CDC  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  To  input  a  block  of  data  for  processing  by  . PASS  2. 

USAGE:  \  ‘  “  * 

h  Callings  Sequence 

CALL  BKINP  (TF,  TL,  DTM,  KIN,  NUM,  KSTART,  NUMIN,  DATA,  TML) 

2.  ;£aaa>ima- 

TF  first  time  (seconds) 

TL  •  last,  time  (seconds) 

DTM'  time  Increment 

NIK  logical  input  unit 

NUM'  number  of  samples  in  block 

KSTXRT  starting  sample  number 
NUMIN  number  .o'f  samples:  input 

DATA  storage' array  (50) 

TML  actual'  last  time  input 


3.  Common  Linkage 

COMMON  .A,  B,  C,  IH(?),  IRMT(27),  TMP(9) 
REMARKS:  '  ‘ 


-*  % 


DCW:kkb 
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No.  G210  PROJECT :  Geodetic  SECOR- 

TITLE:,-  Compute  IC  Correction  for  PASS  2  , 

CATEGdk’':  Special  Purpose-  JDSKIIKICATION :  Subroutine  CORK 

CODE:  Fortran  63  CD'S  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  'To  use  the  R-Dl  channel,  the  IC  ;calibration'  to  compute  the 
measured  1C‘  correctipn. 


Call  CORIC  (DATA,.  CAL)- 


DATA  A  50x1  array  containing  the  PASS  2  data. 
CAL  TCie  30  calibration 


COMMON  A,  h,  C,  IN ( 7 ).,  IRNT(27),  Turfs) 


REMARKS: 


DCW/vj 


•  r j  '  ‘  -No.G215  PROJECT:  Geodetic  SSCOFt 

■  6  '  '  '  mTLHf:.  First  Listing  for  PASS  2 

CATEGORY:  -Special  Purpose  IDENTIFICATION:  Subroutine  LIST! 

CODE :  Fortran  63  CDC  1604 
PROGRAMMER:-  Dennis  Wildon 

PURPOSE:  To  provide  the  option  1  listing  for  PASS  2'  (i.e.  edit  &  smooth  data) 


USAGE.-:  1.  Calling-  Sequence 

Call  LI3Tl(iiPR,  K START,  DATA,  TITLE) 

;NPR  =->  No,?  samples,  to  print 

XSTaRT  -  Starting  sample  .n  DATA  block 

DATA  •-  A  50x  array  containing  data  to  be  listed. 

TITLE  -  A  10x1  array  containing  the  page  title. 


o 


T* 

- 
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No.  0229  PROJECT:  Geodetic  .SiSCOR  . 

TITLE’:  Second  Listing  for  PASS  2 

CATEGORY:  Special  Purpose  IDENTIFICATION :  Subroutine  LIST2 

CODE:  Fortran  65'  GDC  1304 
PROGRAMMER:  Dennis  VI Ison 

PURPOSE:  To  provide  the  option  2  listing  for  PASS  2  (i.e.  raw  data  list). 


USAGE:  1.  Calling  Sequence 

Call  LI3T2(HPR,  K START,.  DATA,  TITLE); 

.NFP.  -  No.  samples  to  print. 

K3TAR1  -  Starting,  sample  in  DATA  block 

DATA  -  A  50x  array  containing,  data  %o  be  listed 

TITL-  -  A  10x1  array  containing  the  page  title. 


REMARKS: 


DCW/uj 


NO,.  ,  G225  '  ^  PROJECT:  Geodetic  SECOR,  SHIRAN 

TITHE:  Data  Edi.tiftg  Subroui  ine 

CATEGORY:  Data  Reduction  IDENTIFICATION:  Subroutine  ED] T SR 

CODE:  Fortran  II  CDC  -  1604  , 

EROGIiAMMER:  Dennis  Wilson  DATE:  July  17,  1965  ' 

PURPOSE:  To  edit  n  block  of  data-  stored  in  memory, 

USAGE:-  '  - 

1.  Calling  Sequence:  CALI.  ED  ITS  R  (ARRAY,  LED]!,.  LOUT,  NS  AMP,. 

NSPAN,  -AM3y  SNOISE,.  DEL2MX-,  3ADMAX, 

NBAD ,.  -NAMES, ;  LAKE; 

2.  Arguaisnts:  ARF.AV  -  A  two  dimensional  array,  the  first  subscript 

specifying  the  word  .within  a  sample  and  the 
second  subscript,  being  tue  6ample  number.. 

Maximum  array  size  (40, ,100) 

LEDIT  -  An  integer  specifying  the  local  ion  ui’thin 
a  sample  of  the-  data  to  be  edi  ted-. 

LOUT  -  An  integer  (specifying  the  first  location  within 

a  sample  wn.ere  the  results  of  the  editing  ;pi;ocess 
will  be  'stored. 

NS  AMP  -  An  integer  giving  the-  number  of  samples'  in 
ARRAY  to  be.  edited, 

NSPAN  -  An  integer  riving  trie  number  of  samples  to 
be  used:  Cl.Ho  determine  a  "good"  starting 
point;  (2) to  predict  a  new  first  difference- 

AM?  -  A  floating  poirt  number  giving  the  value-  of' 
the  least  significant  ambiguity  (eg.  256.0 
meters  An  the  case  of  Geodetic  SEC  OR] . 

SNOISE  -  The  noise -gate1 2;  that  is,  the  maximum- noise 
value  to  be  tolerated  ’oy  the  program. 

DEL2MX  -  The.  maximum  average  -second  difference  within 
SPAN  for  which  editing  will  begin, 

BADKAX  -  The  maximum  number  of  successive  bad.  samples  , 
which  will  be  tolerated, 

NR/D  -  The  number  of  "bad"  ^samples  encountered 

NAME  -  An  algebraic  sum  of  the  number  of  ambiguities 
edited 

LAKE  -  The  number  of  the  first  sample 

5.  Inputs:  ARRAY,.  LEDIT;  LOUT,  NSAMP,  NSPANy.  'AMD,  SNOISE,  DEL2Ma, 

PALM AX,  LAKE 


4-i  ‘Outputs-;  ARRAY,  NBAD,,  NAMB 
5.-  Routines  Called:  EDIT,  CCNSMP 


'Method  : 


1. *-  The  first  NSAMP  data  samples  are  used  to  determine  an  average 
second  difference.  This  average  second  difference  is  compared  with 
DEL2MX,.  If  it  exceeds  it,  the  span  is,  then  snifted -one  sample. 

The  process  is,  cortinued  until  NSAMP  "good"  samples  are  found.  '  , 

2,  The  NSAMP  good'  data  samples  are  used-,  to  predict  the-  first 
difference  for  the  .succeeding  sample  (an  end- -point  prediction 

is  made  using  a  least  squares  f  Sr  si  degree  polyi  umial),.,  The  pre¬ 

dicted,  and  measured  first  differences  ahd  the  noise  gate  are  used 
to  detect  ambigui  ties,  One  of  three  cases  will  result:  (  a)  tne 
sample  is  good  as  it  st'nds;  (;h)  there  8re  ah  integrul  number  of 
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1  gin  ties  to  rqmo  /e  ;  l  c)  the  sample  is  extraneous-. 

3.  At  extraneous  sample -will  result  in  the  predicted  first  ..dif*? 
fererce  ..eir.r  used  subject  to  the  conditio:,  that  no  more  than 
UAUMAX  successive  extraneous  .samples  will  te  tolerated,. 

if  9ADMAX  is  exceeded,,  the  program  will  negir.  again  as  in  Step  1. 

4.  T’e  corrected  data  str.ple  will  be  returned  where  the  raw  sample 
was  found.  Peg) -..ring  at  LOUT  the  follow!:.,*  j rforna'ti on  is 

stored  tack  into  A  FE  AY 

LOf'T  -  Corrected  :1a  ta  s;:mp;-j 
LOUT i-l  -  °ay  first  difference 
LOl’T+2  -  Corrected  first  difference 
TOUT* 3  -  Correction 

'!*  V  e  o'uf  where  a  sample  1-3  ".ad,”  the  number  9.0  will' 

.e  recorded  as  tne  correction, 

5.  Two  con;  tors  are  output,  i ne  first  is  tee  number  of  "bad"  sam¬ 
ples  encounter'5!  a:d  the  second  is  the  .umber  of  least  significant 
ambiguities  corrected.  Tr.is  second  counter  is  alrenraic,  i.e.,  an 
ars.irulty  added  is  courted  positively  and  an  ambiguity  subtracted 
is  counted  t  era  lively. 


if  more  than  one  block  of  co; tiunoup  data  is  to  be  edited,  prior 
i:  formation  may  te  inserted'  by  overlapping  the  blocks'  of  data 
sue-,  that  the  first  MSP  AN  .samples  of  a  block  have  -previously  beer, 
i  ted . 


NO:  G.'J.O  PROJECT:  SHIRAN 

TITLE:  Edit  .One  Sample  Subroutine 

CATEGORY:  Data  Reduction  IDENTIFICATION:  Subroutine  EDIT 
CODE.:  Fortran  62  GDC  -  1604 

-PROGRAMMER-:  Dennis  Wilson  DATE:  J.uly  l?,  1963 
PURPOSE:.  To  use  .parameters  of  the  CALL  statement  to: 

(1).  Remove  integral  multiple  of  the  least  significant  ambiguity 
,  from  the, data, 

(2>),  To  reject  spurious. data. 

USAGE: 

1.  Calling  Sequence:  CALL  EDIT  (XM,  XPR.  DELXP,  COUNTB. 

S  NOISE,  A  MB  1 ,  DELXM.  DELXC,  XC,  COR  R) 

2.  Arguments.  XM'  -  Measured  data  sample 

XPR  -  Previous  edited  sample 

DELXP  -  Predicted  first  difference 

COUNTB  -  Number  of  successive  "bad-*  samples 

S NOISE  -  Noise  gate 

AMB  i  -  Least  sign. Leant  ambiguity 

DELXM  -  Measured  first  difference 

DELXC  -  Corrected  first  difference 

XC  -  Cor  rected  data  sample 

COR  IT  -  Correction 

3.  Inputs:  XM.  XPR,  DELXP.  COUNTB,  SNOLSE,  AME  1 

4.  Outputs:  COUNTB.  DELXM,  DELXC.  XC.  CORK 

5.  ’Routines  Called:  None 
b.  Linkage:  None 

METHOD:  . 

The  input  values  are  used  to  ednt  the  data.  One  oi  tint  t  ngs 
will  happen: 

1.  The  data  will  be  .good  and  require  no  correction; 

2i  n’he  data  contains  an  integral  number  of  ambiguit.es; 

3.  The  data  is  extraneous  and  cannot  be  edited,  in  which  case 
COUNTB  is  incremented.  CORR  -  9.0,  DELXC  DELXP. 


■  \ 

REMARKS 

Primarily-  used  with  the  ED  IT. 3  R.^ 


HQ.  55 

TITLE:  Smoothing 
CATEGORY!  Utility 
CODE:  Fortran  -  62  CDC,  -  1604 
PROGRAMMER:  Terry  Yuen 
PURPOSES 
USAGEs 
.1. 

2. 


PROJECTS-.  Fishbowl 
IDENTIFICATIONS.  Subroutine  CCNSMR 
DATEt  6-27-63; 


m, 


o  compute  smoothing  coefficients  and  smooth  input  data.-, 


Galling  Sequence: 
Arguments  s  N 

L 

K 

M 


3y 


DELT 

COEF 

AMX. 


3i. 

4. 

5. 

6. 

METHOD: 


Inputs  s 
Outputs s 
Routines 
Linkage: 


CALL  .CCNSMR  (N ,  L,  K,  DELT,  XM,  COEF,  SMX) 

-  Total  number  of  equally  spaced  data  samples 
within  an  input  span  (H  »  1011 

-  The  order-  of  the  derivative  (L  *  2). 

-  The  degree  of  the  polynomials 

-  The  desired  output  position  of 
the  interval  (M: =  1*,  if  the  left  most  point 
of  the  interval  is  desired) 

-  The  time  between  each  successive  data  point 

-  Smoothing  coefficients 

-  Output  point 


Called s  None 

DIMENSION  XM(lOl) ,  CGEF(lOl) 


REMARKS  sc' 

This  subroutine  is. -primarily  used  for  smoothing  data;,  if  the  use 
requires  only  smoothing  coefficients,,  subroutine  SCR  should  be-  used; 


TY/kkb 
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NO.  'UT002  PROJECT:  Utility 

TITLE;  Least  Squares  Moving  Filter  Coefficients  Computation 
‘CATEGORY-  Filtering  IDENTIFICATION;  Subroutine  SCR 

CODE:  Fortran  62  CDC  -  1604 

PROGRAMMER:  Terry  Yuen  DATE:  June  1964 

PURPOSE;  To  determine  coefficients  to  be  used  in  a  least  squares  smoothing 
routine. 

USAGE: 

1.  .  Calling  Sequence:  CALL  SCR  (N,  L.  K,  M,  COEF) 

2.  Arguments: 

N  -  Total  number  of  equally  spaced  data 

samples  within  ari -input  span 
L  -  The  order  of  the  derivative  (Lnaax-2) 

K  -  The  degree  of  the  polynomial  (Kmax=3) 

M  -  The  desired  output  point  of  the  interval 

(M=l  if  it  is  in  the  left-most  point  of  the 
interval). 

COEF  -  Coefficients  computed  by  this  subroutine 
used  to  reduce  the  varians  and  to  obtain 
•the  desired  output  quantity. 

3.  Input:  N,  L,  K 

4.  Output:  M,  COEF  • 

5.  Routines  Galled: 

METHOD:  This  subroutine  computes  a  set  of  coefficients  which  are  used  for 
fitting  a  given  function.  The  number  of  coefficients  depends  cn 
the  total  number  of  an  input -span  of  samples.  The  number  of 
coefficients  is  nominally  limited  to  501  points. 


REMARKS:  Revision  of  original  routine  to  accommodate  additional 
cOeffici  nts .  (LBP.) 

>  »  <•  : 

i  -  - 
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■J0.  3290  PROJECT :  Geodetic  3EG0R 

TITLE:  List  £3  Tape 

CATEGORY :  opacial  Purpose  IDENTIFICATION :  Program  SXAi-12 

CODE:  Fortran  63  CDC  1604 
PRO! RAPPER:  Dennis  Wilson 

PURPOSE:  To  provide  a  listing  of  a  Geodetic  3EC0R  33  Tape 


I'-iAGE:  1.  Card  inoub 

0)  Title  -  80  columns  10A8 

(2)  Number  of  tapes,  number  to  skip  215 

Magnetic  Tana  Assignment 
One  33  tape  on  logical  unit  1 

3.  Printout 

(See  FA332  -  no  raw  list) 


REMARKS: 


1.  No  .prevision  for  multiple  tapes. 


KJrwJ 
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NQ.  -G300  PROJECT:  Geodetic  SKCOR 

TIT LIv:  Simultaneous  Mode  Satellite  Positioning 

CATEGORY;  Data  Processing  IDENTI 1TCATION:  Program  PASS  3 
CODE:  FORTRAN  G3  CD C  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  To  input  three  or  four  ES  tapes,  time  synchronize  them  and 
generate  a  satellite  position  (SP).  tape. 

USAGE: 

1 .  Card  Input 

(1)  Title  card  1.0 AS 

(2)  Indicator  card  1(515' 

1 .  Input  code 

2.  Number  of  tapes  to  synch 

3.  IC  correction  code 

4.  Number  of  samples  to  skip' 

L5.  Slope  for  IC  mode! 

LG.  "  'Electron  density  Tor  IC  model 

(3)  Time  interval 

First  ti me  (H ,  M;  S ,  MS)  1215 

Last  time  " 

Delta,  time  •’ 

(4-7)  Base  station  locations 

(latitude,  longitude;  height,  name)  3(E17. 10-,  3X) 

(S)  Range  Calibration.  4 (K 17. -1,0,  3X) 

(9)  IC  calibration  4(E17.  L0.3X) 

2.  Magnetic  Tape  Assignment 

Three  or  four  input  ES- tapes  are  mounted  on  logical  units 
1  through^  or  4.  The  output  SP  tape  is  mounted  on  logical  unit  5. 

3.  Printout 

Listing  of  input  cards 
b.  Page  1.  r  station  data 

(1)  Sample  number  (1-54) 

(2)  Time 

The  time  from  tape  T  is  listed  unless  a  time 
drift  oh  1  has  occurred  in' which  case  it  is  the  time  from  tape  2. 

(3)  Trackers 

The  four  numbers  indicate  which  of  the  four 
tapes  were  tfme  synched  at  this  point  (e.  g,  1234,  1230, 'or  1240,  etc.) 

(4)  Range  .1 

The  range  to  the  satellite  from  station  1  (name 
appears  in  hoading)  as  determined  from  the  input  survey  and  the  solution 
using  stations  123. 


(5) 


AZ1_ 

The  azimuth  of  the  satellite  from  station  J. 

(0)  ELI 

The  elevation  o(;-the  satellite  from?  station  t. 

(7 -15)  The  information  of  :(4.-6)  is  repeated  for  the 

other  three  stations. 

v.  Page  2  -  satellite  position 

( 1)  Sample  number  (corresponds  to  that  Of  page  1) 

(2)  Time  (same  as  page  I) 

(3-5)  LATITUDE.  LONGITUDE,  HEKillT 

The  latitude,  west  longitude,  and  height 
above  the  spheroid: as  determined  from  the  solution  using  stations  123. 

(US)  XTv^  YE.  ZE 

The  equatorial  coordinates  as  determined 

from  solution  123. 

(9-  M)  KQ.  VELOCITY 

The  satellite  velocity  in  equatorial  coordinates 
as  determined  from  range  and  range  rate  data  fronrstations  123, 

d.  Page  3  -  corrections 

(1)  Sample,  number  (corresponds  to  that,  of  page  1) 
(2-51  TROPO.  REFR.  COitK. 

The  tropospheric  refraction  range  correction 
determined'from  the  model  for  stations..  (Subtracted  from  ranges.) 

(0-9)  MEASURED  IC 

The  measured  IC  for  the -four  stations  (subtracted 

from  ranges.) 

(10-13)  COMPUTED'- IC 

The  IC  correction  computcd-from  the  IC  model 
using  input  slope  and  eiectron  density  for  the  four  stations  (subtracted  from, 
ranges). 

(1-1-17)  TRANSIT  TIME  GORR. 

The  transit  time  correction  for  the  four  stations 

(added  to  ranges) . 

e.  Page  4  -  permuted  satellite  position 

(Only  applies  and:is  printed  if  four  tapesare  synced) 

(1)  Sample  number  (corresponds  to  that  of  page  I) 
(2-4)  LSSQ  oV PERMUTED  SOLUTIONS  - 

The  average  latitude,  west  longitude,  and 
height  using  the  fbur  combinations  of  three  tracking  sites- 

(5-16)  VARIATION  OF  PERMUTED  SOLUTIONS  FROM 
l£SQ  COMBINATION 

'rhe  difference  belween  the  average  solution 
above  and  each  of  the  four  individual  solutions  is  taken  and  the: difference 
in  latitude,  longitude,  and.hcight  is  printed. 
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JNfi* 


( 


•n 

42 

13 

•14 

45 

46 

47 

48 

49 

50 

;;i 


53 

54 

55 
36 
5-7 
58 
5  9 


(same  formal  as  i) 


STATION  4 


EQUATOR! A L  COORDINATES 
USING  THREE  TRACKERS 


70 

Latitude 

* 

71 

Longitude 

STATIONS  123 

72 

Height 

73 

Latitude 

74 

Longitude 

STATIONS  124 

75 

Height 

70 

Latitude 

77 

Longitude 

STATION'S  134 

73 

Height 

79 

Latitude 

SO 

Longitude 

STATIONS  234 

81= 

Height 

,  \ 

82 

Latitude 

S3 

Longitude 

AVERAGE  SOLUTION 

34 

‘Height 

- 

<;oo 


T  -  24 


REMARKS: 

1.  The  input  codes  are 

1  -  1,2,3 

2  -  1,2.4 

3  -  1.3. ‘I 

4  -  2,3.4 

5  -  1.2.3, 4 

2.  The  units  are  degrees  and  meters 

3.  The  unknown  station  (if  any)  is  number  four. 

*t.  Failure  of  the  times  on  thtfoui  (or  three)  tapes  to  agree 
within  20 .  njs  results  in  a  diagnostic  (time  drift  or.  unit  )  (o  be  printed 


No.  G305  PROJECT.:  Geodetic  SECOR 

TITLE:  Tape  Time  Sync  and  Search 

CATEGORY-:  Special  Purpose.  IDENTIFICATION:  Subroutine  SYNC  or 

CODE:  Fortran  63  ..uC  .1604  Subroutine  SEARCH 

PROGRAMMER:  Dennis  v/ilson- 

PIRPOJE:  SYNC:.  To  synch  three  or  four  ES~  tapes  to.  the  firnt  time. 

SEARCH:  To  search  the  three  or  lour  E3  tapes  for  the  next  time. 


b SAGE :  1 .  Calling  Seouence 

Call  SYNC  (NT?,.  N3KP,  TIME,  DATA  IN,  TF.OUND,  IK,  NSYN,  TBS) 

OR  Call  SEARCH  (NTP,  H3KP,  TIME,  DATA  IN,  TFCUfiD,  IK,  NSYN,,  TbS) 

DTP  A  code  indicating  which  tapes  are  to  be  called 

1  =  123  4  -  254 

2  =  .124  5  =  1234 

3  --  134 

NSKP  No  samples  to  skip 

TIME  A  3x1  array  giving'  the  first,;  last  and  delta  time. 

For  SEARCH  TIME  (l)  is  the'  desired  time. 

DATAIN  A  50x4  array  of  input  data  in  3P  tape  format, 

,  TFOUND  The  time  found  on  tape  1. 

IK  A  4x1  array  giving  the  tape  units  being  called. 

NSYN  Number  of  tape  units  signed. 

TBS  A'  4x1  array  giving  the  relative  time  bia3  of  the 

four  (or  three)  tapes. 

REMARKS:  1.  Buffering  is  overlapped. 


ijC»V/wj 
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PROJECT :  Geodetic  3SCOR 


No.  G310 

TITLE:  Permuted  Solutions 
CATEGORi! :  General  Purpose  IDENTIFICATION:  Subroutine  P3RMUT 

CODE:  Fortran  63  CDC  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  To  compute  from  the  ranges  of  four  trackers  the  four,  possible 
three -range  solutions. 


USAGE:  1.  Calling  Sequence 

Call  PERMUT  (STA,.  R,  RV,  RVAV,  RES) 

STA  A  bx't  array  consisting  of  the  latitude",  longitude 
and  height  of  the  four  trackers. 

R  A  4x1  array  consisting  of  the  four  ranges. 

RV  A  3x4  array  consisting  of  the  four  solutions- 

in  latitude,  longitude,  height. 

RVAV  A  3x1  array  giving  the  average  solution  in 
latitude,,  longitude  and  height. 

RES  A  3x4  array  giving  the  difference  in  latitude,, 
longitude  and  height  of  each  solution  from  the 
average  solution. 


REMARKS: 

1.,  Units  -  meters,  degrees 

2.  uongitude  is  west  longitude. 

3.  The  order  of  the  solutions  is: 

1,  2,  3 
1,  2,  4 

1,  3,  4 

2,  3,  4 


DCW/yrj 


No.  ‘1515'  PROJECT:  Geodetic  SECOP. 

TITLE:  Comoutaiion  of  Velocity  and  Acceleration  f rom  R. ,  R. ,  R, 

CATEGORY :  General  Purpose  IDENTIFICATION Subroutine  1  TSTVA 

CODE:  Fortran  65  GDC  1604 
FROG RAMMER:  Dennis  Wilson 

PURPOSE:  To  use  range  rate  end  acceleration  from  each  of  three  tracking 
sites  to  determine  velocity  and  acceleration. 


I SAGS:  1.  Calling  Sentence 

Call  T37YA  (3TA,.  RV-,  R,  HD,  HDD,  V,  A) 


311A-  A  3x5  array  consisting  of  tracker  coordinates 
relative  to  sprae  cartesian  coordinate  system. 


RV  A  3x1  array  consisting  of  the*  x,y,z  coordinates 
of  the  vehicle- in  the  same  cartesian  coordinate 
system': 


H,  KD,?  UpD  The  range,  range  rate  and'  range  acceleration 
observed  at  the  trucker. 

V,  A  Two-  3x1  arrays-  giving  the  velocity  and 

acceleration  in  the  cartesian  coordinate  system. 


REMARKS:- 

•  1.  The- coordinate  system  and  the  units  are -arbitrary.. 
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.-NO.  G32d  PROJECT : 

TITLE:.  Rotation  fco  Tracker  Place  System 

CATEGORY:  Utility  '  IDENTIFICATION:  Subroutine  ROTATE 

CODE:  f  ortran  62  COG  -  1604'  . 

PROG RAMMER:  Ren: is  Vilso n"  DATE:  May  16,  19C3 
PURPOSE:  To  rotate  a  Cartesian  coordinate  system  centered  at  base 
station  ore  into  a  new  system  such  that  the  X.Y  plane  passes 
through  two  other  base  stations  ard  the  rotation  is  about  the  X 
and  Y.  exes  only, 

USAGE:*  " 

1.  Cailinp  Sequence:  CALL  ROTATE  ( ARRA.Y4,,  ARRAY?) 

.2.  A-rpiuner.t s :  ~  ARRAY  1  ••  A  3x3  array  of  the  station. locations 

('ll  station  ,oie  will  be  ^0,0,0)).  The 
first  subscript  refers  fco  XYZ  and  the 
second  to  the  s  tali  or*  number. 

ARRAY?  -  A  3x3  array  of  the  rotation  matrix,  to 
rotate  from  the  old  to  the  new  system. 

3.  Ihput:  AFFAY1 
4...  Output,:  ARRAY? 

5i  Routines  Call eo:  None 
METHOD  v 

Tu$  rota  tier,  matrix,  Tl,.  is  evaluated  as  follows: 


Tr 

0  : 

0  ~ 

r 

f  CCS  # 

2 

sin  0  11 

0 

CCS0* 

si -n«< 

0 

1 

0  ^ 

L  0  -sin  * 

C0S.W, 

j.  l-sxv.S 

0 

cos 

■*r.6-  fj&rMsJ) 

T  X- Y_  -  \X  V  / 


vnere : 


NO.  COHO  PROJECT:  General 

TITLE:  Compute  Ionospheric  Refraction 

CATEGORY:  Utility  IDENTIFICATION:  Subroutine  IONCR 

CODE :  Fortran  62  CDC-1604 

PROGRAMMER:  Fred  C.  Forbes,  Jr.  DATE:  March,  1964' 

PURPOSE:  To  compute  the  ionospheric  refraction  correction  to  ranging 
using  an  empirical  model  of  the  ionosphere. 

USAGE: 

1.  Calling  Sequence:  CALL  lONCR(R, SIN, DRINO) 

2.  Arguments: 

R.  -  Slant  range  .in  feet 
SIN  -  Sine  of  elevation  angle 
DRINO  - 'Range  correction  in  feet. 

3.  Inputs:  R,SIN 

4.  Outputs:  DRINO 

5.  Routines  Called:  None 

6.  Linkage:  None 

METHOD: 


REMARKS: 


«  - 


:*G,.84 

TITLE; 

C  VISJORY : 
20M*;j;  Port 
P8f.«»KAVMfcft's 
iUPi’LSL: 


'  11  cr<c  -  1  c  04 
irt  clbert 


i’KO-JrXT:  SHIRAN 
i  rEKTtPlC  :  Subroutine  RAYGEO 


DA!'£ :  3-16-63 


USAG-s: 


i-'aLlin*  Sequence:  C iLL  K  AYGr.-'  (3,  1,  i-,  1L,  X,  I) 

Arguments : 

S  - -Actual  distinca  from  the  -station  t-  the  device 
H  -  iioi'ht  of  the  device  above  the  sphere- surface 
'j  -  hei'h:  of  "no  station  above  the  sphere  surface 
R  -  Radius  of  the  cohere 

GL  -  \rc  len»'h  .  n  the  sphere  between  radii  extending  to  the 
station  th».  device  from  the  sphere  canter 
X  -  in^le  in  rsaians  between  the  s  \ma  two  radii 

I  -  hrrur  return  with  a  value  cf  one  if  S  is  less  then  tho  differ* 
once  between  H  and  G,  or  if  3  is  .-’neater  tr.an  R 
In  nuts:  c  tr  «  -.7 

-  -  » ** »  j  , . . 

Cutouts:  o*S  r  t 
Routines  Called:  n,-n>? 

linhagot  -  ;;  ,hn 


Mr  Tr!  f  : 

I'r.o  Cos  x  1‘.  rrn  is  reolacod  by  itG  serl-.s  expansion,  the  1  term  removed  and 
X  set  bqu.l  <0  Cos  x<  '  is  solved  for  ant  the  error  -is  used  to  correct 
X.  This  procedure  ,is  repeated  until  th  error  is  less  than  1  x  10""^  radians 
Four  terms  In  the  serioa  .ire  used  so  that  the  accuracy  decreases  for  X 
greater  than  *-2&  radians « 


xa'-ARKS: 

le notional  Kolationsr.i' 


2  -  2 

-  A  /  -,'o-.-03>. 


«  •  t  •  • I 

ft  -  K  *  r* 

b  «  R  - 

•ID  *  R  ♦  X 
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NO.  ll’on  PROJECT:  Geodetic  SECQIl 

TITLE*  Orbital  Mode  Satellite  Position 

CAT*  GORY  Data  Processing  IDENTIFICATION-  Program  GSORB 
CODE.  FORTH  AN’  DU  GDC  1G04 
PHOUll  \MMER:  Dennis  Wilson 

PURPOSE  '3'c  use  input  iiijection  vectors  to  predict  the  satellite  ixtsition 
at  litf.es  found  on  the  remote  site  ES  tape.  An  output  tape  in  the 
lort-iat  of  the  simultaneous  mode  SP  tape  is,  produced. 

PS.VIF- 

1.  Card  Jnjni! 

tit  Orbital  Perturbation  data 
CO 
KM  I) 

NO,  FMASS,  EA 


4(E  17.  Ip.  ax' 
4(E17C10\.3X) 

120, 2(E47, 10.  3X): 


(This  set  of  cards  is  input  only  once  and  is  generally 
left  attached  to.  the  deck) 


(Pi 

(-) 


CD 


Title  card 
Times  (for  ES  tape) 
First  time  (li.M.S.  MS) 
Last  " 

Delta  ■'  " 

indicator  card 

1. 


(10A8) 

(1215) 

(1015) 


o. 

4. 


Number  of  unknown  slalions^usuaUy  4). 

Number  of  samples  to  skip 
H  ‘ 

'r tenths- of  seconds  r  integratiori- arid  rectification 
P  'i  ) ;  ,  . 

intervals 


model 


”•  SI°P0  1  for  1C 

IP.  Electron  density ) 

(4)  Station  Location  Card  3(E.17. 10, 3X)u4A5 

(5)  Irijeclior.  time  OR M.S. MS)  415 

(fi)  Injection  position  vector  (EQ  coord.)  3(E17, 1(),3X)-- 

(7)  Injection  velocity  vector  (EQ  coord.)  3(E  17.  10.  3X) 

(8)  Calibration  constants  3(E17. 10. 3X) 

Range,  IC.  time  (seconds) 

(For  more  than  one  time  interval  repeat  cards  4-8) 
Magnetic  Tape  Assignment 

One  ES  taix*  for  the  unknown  station  on  logical  unit  1. 

One  output  tape  (PES)  on  logical  unit  2. 

Printout 

a  Listing  of  the  Input  Cards 
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I). 


Pilge  J_ 

H)  SAM  PL 

A  cumulative  count  of  samples 

(2)  Time 

(3)  Latitude 

Predicted  latitude  of-  the  satellite 

(4)  J/mgitude 

Predicted  west  longitude  of  The  satellite 
(f»  HEIGT 

Predicted  height  of  satellite  above  spheroid 

(6)  RC  * 

The  range  from  the  predicted. satellite  point 

to  the  unknown  station. 

(7)  A* 

The  azimuth  of  the  predicted-satellite  jx>int 
with  respect  to  the  unknown  station. 

(SV  EL 

The  elevation  o  the  predicted  satellite  point 
with  respect  to  the  unknown  station. 

ft))  RPC 

The  predicted  range  rate  at  the  unknown  station, 
c.  Page  2 

'  7i)  SAM  PL 

(2)  Time,' 

(3)  KM 

Measured  range  from  the  unknown  station  in 
meters  correcteddor  ionosplieric  effects,  tropospheric  refraction,  transit 
time,  and  calibration. 

(•I)  RM-RC 

Tlie  difference  between  the  measured  and 

predicted  ranges. 

(5)  RDM, 

The  measured  range  rate  at  the  unknown  station 

in  meters  sec 

(6)  RDM -RPC 

The  difference  between  the  measured  and  the 

predicted  range  rates. 

(7)  PORT 

The  transit  time  correction 

(«>  ic_ 

The  measured  ionospheric  correction  (correction 
is  subtracted  from  the  range.) 


<m  com 

The  ionospheric  correction  from  the  analytic 
model  in  meters  (correction  is  subtracted  from  the  range). 

HO)  .rail 

The  tropospheric -refraction  correction. 
(Correction  is  subtracted 'from  the  range.) 

•I.  Output  Tape  Format 

See  i'ASS  3 'description.  Sufficient  data  is  packed  in 
this  format  to  allow  use  by  PASS  -1. 

RKMAlUvS: 

J.  Units  are  degrees,  meters,  and  meters  sec. 

2  The  first  time  for  the  US  tape  must  exceed  the  injection  time. 
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N0:<  G$10  PROJECT:-  Geodetic  SEGOR 

TITLE:  Inverse  Geodetic  Problem 

CATEGORY:  Utility  IDENTIFICATION:  Subroutine  GDSIC 

CODE:  Fortran  63  CDC  1604 
PROGP.AMMER:  Dennis  Wilson 

PURPOSE:  To  use  the  latitude  and  longitude  Tor  two  points  on  the  earth's 
surface  given  with  respect  to  some  reference  spheroid  to  compute 
the  geodesic,  A15,  A01  where  A.,  is  the  azimuth  from  i  to  J.. 

USAGE:  1  ^  .  • 

1. ;  Calling  Sequence 

CALL  GDSIC.  (XLAT1,  XL0NG1,  XLAT2,  XL0NG2,  A12,  A21,  SOD) 

2.  ,  Parameter  Ll3t 
XLATl,  XL0NG1 

XLAT2 ,  XL0NG2 

A12,  A21 
SGD 

REMARKS: 

1.  The  method  as  outlined  in  the  following  reference  was  used: 

Sod ario,  E.  Mi ,  General  Non-I  terative  Solution  oP  the  Inverse  arid' 
Direct  Geodetic  Problems u  Research  and  Analysis  ’ 
Division,  U.S.  Army  Engineer  (Glj®A3)A-)j?-  Et,  •Beivdlrt, 
Virginia?  April,.  1963. 


latitude  and  longitude  of  point  1  (east  longitude, 
degrees) 

latitude  and  longitude  of  point  2  (east  longitude, 
degrees) 

azimuths  (degrees  CW  from  north-  ) 

Geodesic  (meters) 


i  * 


T 
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PROJECT:  Geodetic  SEGOR 


Hot'  0511 

TITLE:  Direct  Geodetic  Problem 
CATEGORY i  Utility  IDENTIFICATION:.  Subroutine  DIRECT 

00x5:  Fortran  63  CDC  1604 
PROGRAM&R:  Dennis  Wilson 

•PURPOSE:  To  compute  the  letitude  and  longitude  of. ft  point  on  the  earth 1 o 

surface  with  respect  to  some-  reference  spheroid  from  the  latitude 
and  longitude  of  the  other  end  point,  the  go jdesic,  and  the 
azimuth. 

USAGE: 

1.  Calling  Sequence 

CALL  DIRECT  (XLAT1,  XL0NG1 ,  A12,  S,  XLAT2,  XL0NG2,  A21) 


2.  Parameter  List 

XLATl,.  XL0NG1  latitude  and  longitude  of  point  1  (east 

longitude,  degrees) 

A12  Azimuth  (CW  from  north)  from  point  1  to  point  2 


S 


Geodesic  ;( meters;) 


XLAT2.,  XLGNG2  latitude,  and'  longitude  of  'point  2  (east 

longitude,  degrees) 

A21  Azimuth  (CW  from  -.north)-'  from  , point  2  to  point  1. 


REMARKS: 

1.  The  method  .as  outlined. in  the-  following  reference  was  used: 

Sodano,  E.  M. .  General  Non-IteratlverS61ution  of  the- .Inverse  and 
Direct  Geodetic  Problems:  Research  and! Analysis 
Division,  U.S'.  Aripy~ Engineer  (GlMRADA'):;1:  Ft.  Belvoir, 
Virginia;  April',.  1961. 
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No.  G500  PROJECT:  Geodetic  SECOft 

f  4  j  TITLE :  Geodetic  3EC0R  Cine  Crossing 

>  ,  CATEGORY:;  Data  Processing  IDENTIFICATION:  Program  GSLINfi 

'CODS:  Fortran  65  CDC  1604 
'PROGRAMMER:-  Dennis  Wilson 

PURPOSE:.'  To  determine  the  geodetic  distance  between  two  points  using 
a  satellite  line  crossing. 


•*  > 


USAGE:-  1.  Card  Input 

.(l)  Title  -  80  columns  1GA8 

(2)'  Indicutor  Card  1615 

IND1  -  Span  length 
IND2  —  Station  #1 
IKDS  Station'  #8 

IND4  -  Print  intermediate  results  l=ye2„  2-no 
IND5  -no .  samples  to  sKip 
1ND6  r  Satellite  solution 

1  =  1/2,5 

2  -  1,2,4 
5  -  1,5,4 
4  =  2,5,4 

(5,4)  Station  Locations  5(E17.lU,3t) 

(5)  First  time  (H,M,3,M3),  Last  1215- 

time  (H,M,3,MS) ,  Delta  .time 
(K,M, J,MS) 

2 'Magnetic  Tape  -Assignment 

One  3P  tape  on  logical  unit  HD1 
(Density  -  200). 

S .  Printout 

The  input  card's -are  listed.  The  span  of  data  about  the 
minimum  geodetic  sura -is  listed.  The  computed  geodesic 
and  measured  minimum  sum  distance  are  listed. 


REMARK. 


1.  The  satellite  solution  should  bo  chosen  to  avoid  using 
..  both  station's  in  the  satellite  solution. 

no  crossing  occurs,  the  output  will  be  meaningless. 


•1 

t 
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PROJECT:  Geodetic  3GG0R 


No.  G515 

TITLc):  Determine  Line  Distances 
CATEGORY :  General  IDENTIFICATION:  Program  LINE 

CCu£:.  Fortran  65  CUG  1604 
PROGRAMMER:  Dennis  Wilson 

FUftPCos. :  To  provide  a  listing  of  the  geodesics  between  points 
on  earth's  surface  using  the  GDSIC  subroutine. 


UGAGw :  Card  Input 

Pairs  of  station  location  cards. 

uatitncie,  longitude,  height,  station  name  3(317. 10, 5X) ,  4A5 


Printout 


Input  cards,  geodesic,  azimuths 


REMARKS: 


1.  either  Clark  or  international  spheroids  may  be 
used  by  cnanging  the  subroutine  GDJiC. 
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NO.  C.600  PROJECT:  Geodetic  5EC0R 

TITLE:  Punch  Equatorial  Coordinates  on  Cards 

CATEGORY:  Data  Processing  IDENTIFICATION :  Program  SPUNCH 

CODSr  Fortran  63  CDC  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  To  read  a  satellite  position  tape  and  punch  onto  carda  and  list 
satellite  position  in  Equatorial  coordinates, 

USAGE: 

1.  Card  Input  \ 


{1}  Number  ox’  samples  bo  ikip  ( 15 ) 

(2)  First  time  (-H,  M,  S,  MS),  last  time  (H,  My  S,  MS), 

delta  time  (H,  'M,  S,  MS)  (1215) 

2,  Card  Output 

(1)  Injection  vectors  —  Y„,  Z_  4(E17.10,3X) 

(2)  Injection  vectors  —  Xij  t,  i  ‘  3(E17.10,3X) 

(3)  Satellite  position  —  time,  Xg,  Yp,  Z_  4(E17.10,3X) 


3.  Printout  Format 
(Same  as  2) 

The  number  of  input  samples  is  outpu:;  -at  end. 

REMARKS : 
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ilOs  G605  PROJECT:  Geodetic  SECOR 

TITLE:  Punch  Equatorial  Coordinates  and  Velocity  Onto  Cards 
CATEGORY:  Data  Processing  IDENTIFICATION:  Program  VUNCH 

CODE:  Fortran  63,  GDC  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  To  read  a  satellite  position  tape  and  punch  onto  cards  and 

list  satellite  position  and  velocity  in  equatorial  coordinates. 

USAGE: 

1.  Card. Input 

(1)  Number  of  samples  to  Bkip  '  (15) 

(2)  First  time  (H,  M,  S,  MS),  last  time  (H,  M,  S,  MS), 

delta  time  (H,  M,  S,  MS)  (1215) 


2.  Card  Output 

(1)  Injection  vectors-s-time1, #XV,  Y„, 

(2)  Injection  vectors—  X  Y£7  ij' 

(3)  Satellite  position  —  time.  Xv,  Yr,  Z_, 
U)  Satellite  Velocity  —  y  Y  “z  "time 

_  ,f(34 -Q«d  (4)  repeated  to  last  time) 


4(E17.10,3X) 

3(E17.10,3X) 

4(E17.10,3X) 

4(El?ilO,3X) 


3.  Printout  Format 
(same  as  2) 

The  number  of  input  samples  is  output  at  end. 


REMARKS: 


DOW:  kkb 
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Nc.  0610  PROJECT:  Geodetic  SECOR 

IT LL :  Compute  Gravitational  Acceleration 

AT&uCRY :  General  Purpose  IDENTIFICATION :  Subroutine  GRAVITY 

CODE:  Fortran  63,  CDC  1604 
PROGRAMMER:  Dennis  Pilson 

PURPOSE:  To  compute  the  gravitational  acceleration  at  a  point  above  the 
earth's  surface  using  zonal  harmonics.  Constants  of  Y.  Kor.ai 
are  used  for  the  computation. 

USAGE:  1.  Calli nr  Sequence 

Call  gravity  (up,  ?.,  ac) 

hP  -  A  3x1  array  consisting  of  the  unit  vector  from  the 
earth's  center  to  the  point; 

{RP(1)  =  cos  -p  cos  X 
BP(?.)  =  cos  ■p  sin  X 
HP (3)  »  -sin  * 

L 

R  -  The  range  from  the  center  of  the  earth  to  the  point. 

AC  -  a  3x1  array  consisting  of  the  equatorial  components 
of  the  acceleration. 

1 

REMARKS:  1.  Units  are  feet. 

2.  Two  versions  of  the  subroutine: 

(l)  the  total  acceleration  is  comDUted 

(2)  the  first  harmonic  (i.e.,  l/r^)  term  is  deleted  so  that 
only  the  perturbations  to  a  two-body  field  are  retained. 

3.  The  inputs  are  referenced  to  the  International  spheroid. 
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No,  3400  PROJECT:  Geodetic  SfiCOR 

TITLa :  Unknown  Station  Solution  -  3,  3 

CATEGORY ;  Date  Processing  lmNTIFICATIOt.:  Program  PASS  432 

CODd:  fortran  63,  GDC  1604 
PtfOGRAMKiRs  Dennis  Wilson 

PURPCoii:  To  compute  the  position  of  er,  unKnown  fourth  station  from 
two  spans  of  satellite  position  and  range  data. 


USAGo:  1.  Card  Ingut 

(l)  Title  Card  -  bL  columns  10A8 

(2/3)  lime  Cords:  first  time  (H,M,3,M3)  1215,  15X,  15 

.n3t  time  (H,M,i,MS),  delta  time 
,  t  J,MS) .  U>gical  tone  number 

(  1,  2,  3) 

(4;  Unknown  station  location  (latitude,  3(S!7.!0,  3X) 
longitude,  height) 


2.  Magnetic  Tor«  A3.1i.0nj.on ‘ 


PROJECT:  LRSS 


NO,  G321 

TITLE:  Two  Range  and  Height  Solution 

CATEGORY:  Utility  IDENTIFICATION :  Subroutine  TW3ASEC 

CODE:  Tortran  62  CDC  -  1604 

PROGRAMMER:  Dennis  Wilson  DATE:  July  22,  1963 

PURPOSE:  Tc  compute  the  location  of  .a  target,  given  the  ranges  from  two 
known  trackers  and  the  height  of  tha  target. 


USAGE: 

1.  Calling  Sequence:  CALI.  TWBASEC(ECB,  RANI , RAN2 ,H {'SIGN', POST ) 

2.  Arguments: 

ECB  -  A  3x2  array  consisting  of  the  two  trackers’  geodetic 
latitude,  longitude(wast ) ,  and  height 

RANI, 

RAN2  -  The  ranges  from  the  two  trackers  to  the  target 
SIGN  -  The  sign  associated  with  the  solution 

POST  -  A  3x1  array  consisting  of  the  target’s  geodetic  latitude 
longitude  (west),  and  height 

3.  Inputs:  POSD,  RAN1.RAN2,  H,  SIGN 

4.  Outputs:  POST 

5.  Routines  Called:  MTXP,  MTXT ,  QUTS,  ECGD 

6.  Linkage:  None 

METHOD:  See  LRSS  "Program  Description  Document  FADAC,"  by  Autonetics... 


REMARKS:  All  units  are  meters  or  degrees. 
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NO..  U5  PROJECT:  Geodetic  SIX  OK 

TITLE:  Compute  Two-body  Prediction  in  Inertial  Coordinates 
CATEGORY;  Trajectory  IDENTIFICATION:  Subroutine  TJBVIN 

CODE:  FORTRAN  63  CDC  1604,  3600 
PROGRAMMER:  F.  C.  Forbes,  Jr.  _  DATE:  3-31-64 

PURPOSE:  v/ith  the  injection  vectors  Rg  V.~.  and  a  time  interval  given, 
predict  the  position  and  velocity  vectors  based  on_Keplerian 
two-body  motion  at  a  time  increment  DT  forward  of  Rg  Vg. 

USAGE:  Calling  Sequence:  Call  TWBV1N  (RE,  VE,  DT,  RI,  VI) 

Inputs:  RE(3),  VE(3)  =  position  and  velocity  vectors  of  a 

vehicle  in  freefall  expressed  in 
earth  centered,  equatorial  coordinates 
and  in  units  of  feet  and  feet/second. 

DT  =  time  interval  in  seconds  over  which 

the  two-body  prediction  is  to  be  performed. 

Output?:  F.l(3),  Vl(3)  =  predicted  position  and  velocity  vectors 

of  a  vehicle  expressed  in  a  non-rotating, 
space  fixed  (i.e.,  inertial)  earth 
centered  coordinate  system  and  in  unitfl 
of  feet  and  feet/second. 

Routines  Galled:  None 
Linkage:  Explicit  transfer 


METHOD:  Kepler's  equation  of  mean  motion  is  iterated  to  give  the  change 

in  eccentric  anomaly,  which  in  turn  is  used  to  compute  integration 
constants  ’and'  then  the  desired  forward-  predicted  vectors. 

REMARKS:  The  iteration  of  Kepler's  equation  is  based  on  a  convergence  test 
given  by 


i+1 


-  K  =£>  0 


where  K  =  0.0000001  * 

fjE  =  change  in  eccentric  anomaly. 

A  variable  K  allows  control  of  truncation  and  maintenance  of 
prediction  accuracy.  This  routine  is  very  accurate  and  is  used 
-primarily  in  conjunction  with  ENCKE's  method  of  trajectory 
prediction. 


PROJECT:  Bluerock 


NO;  TPC06 

TITLE:  Net  Perturbations 

CATEGORY :  Impact  Prediction  IDENTIFICATION:  Subroutine  NETPT 

CODE:  Fortran  6?  CDC  -  1604 

PP.OGRAMMER:  L.  Bruce  Palmer  DATC:  June  1964 

PURPOSE:  To  compute  acceleration  components  of  vehicle'  in  free-fall,  given 
position  and  velocity. 

USAGE: 

1.  Calling  Sequence:  CALL  NETPT  (RO,VO,AC,KP) 

2.  Arguments: 

R0(3)  -  Position  vector  in  equatorial  coordinates 
V0( 3)  -  Velocity  vector  in  equatorial  coordinates 
AC(3)  ■  Acceleration  vector  in  equatorial  coordinates 
KP  -  Code:  KP  =  1  Add  drag  and  lift  effects 

KP  =  2  Do  not  add  drag  and  lift  effects 
FMD  -  Table  of  drag,  coefficients  vs.  mach,  speed 
NO  -  Number  of  values  in  FMD  array 
CO  -  Fit  coefficients  used  in  determining  acoustical 
velocity 

FMASS  -  Mass  of  vehicle  (lbs) 

EA  -  Eff  ctive  cross-sectional  area  of  vehicle  (FT2) 

3.  Inputs:  R0,  VO,  KP 

4.  Outputs:  AC 

5.  RoUtinesCalled :  GRAVITY,  EQGD,  ADEN ^  ACVEL,  DRAG 

6.  Linkage:  COMMON/ PERT/rMD( 20,2)  ,H0,FMASS,EA,c6(4  ,J5) 

METHOD:  ■ 


REMARKS:  Units  are  in  feet  and  sesonds. 
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HO.  TP  005  •  PROJECT:  Bluerock 

TITLE:  Predict  Free-fall  Position  and  Velocity  with  Perturbations 
CATEGORY:  Trajectory  Prediction  IDENTIFICATION:  Subroutine  TBWPT 

CODE:  Fortran  62  C DC-1 604 

PROGRAMMER:  Fred  C.  Forbes,  Jr.  DATE:  January,  1964 

PURPOSE:  Given  injection  vectors  predict  the  position  and  velocity 
vectors  of  a  vehicle  in  free-fall  at  a  future  time. 

USAGE: 

I..,  Calling  Sequence:  BALL  TBWPT(RQ,VQ,CT,DT,RN,VM,KP) 

2.  Arguments: 

RQ(3), 

\'Q{3)  ~  Vehicle  injection  vectors  in  equatorial  coordinates 

CT  -  Time  interval  between  rectifications  of  acceleration 

DT  -  Time,  to  be  predicted  ahead 

RN(  3 ) ,, 

Vh'(3)  -  Vehicle  position  and  velocity  vectors  at  time 

DT  ahead  of  injection  in  equatorial  coordinates 
KP  -  Code:  KP-1  Lift  and  drag  effects  added  to 

acceleration 

KP=2  Lift  and  drag  effects  not  added 

3.  Inputs:  RQ,VQ,CT,DT 

4.  Outputs:  Rh ,VN 

5.  Routines  Called:  TWBVIN _,NETPT 

6.  Linkage: 

METHOD: 


REMARKS: 


Units  are  feet  and  seconds. 


prcuKC" 


N>.  f 

t.AKTf’  * '  pAl’ 

nA'!"r,{.pv.  i; t ‘  ,?*•■*  !D?;NT!^:r/T’ON:  Mrrotit  inc*  RADIUS 

!1QLiK:  y.,rivnr  M;-1‘'C4 

rprr.pAMXi^P:  T'nrr-- 1  U-he .  ')ATE:  8>v  *%3 

M’iT  Ofi :  ’r'lnir-  *r.»»  earth’ £  radius  and  n<'< rma i  from  a  geodetic  or 
r'.--  toil  ntde. 

»W'E?  \  CtilUnr  bvqimw  CAM  H  A  H  T  U:  L  A  '’L  0  D  P/  P ,  C  L  ??  A  D ,  0  D  NORM ,  G  C  NO  HM  "* 

C.  Arfumeni.n:  XLAT  -Latitude  ■  in  rndiana 

GOB  AD  -Karsh’  radius  in  meters  lf‘  SnMtude 

ir  retv5c.Hr 

CCPAP  -£er+h'"  r°ri!UF  in  me tarn  if  latitude  ' 

Is  rene^P * ric 

OrBOPM  -F.a  rf  ^  ’  -■  norm.0  ..  Sr  me  tars  if  latitude 

is  reede*  i-' 

Of’NOi'M  -Fnrth’s  normal  ir  meters  ?f  latitude 
ge<>i'«ni  rl'* 

Z  I'icu’n:  XLAT 

4.  i'/wts:  C.nu/n,  rcp-‘r),  ODM?RM,  GCNORM 

5.  Routines  used:  None 

'■ir':  r,omn .  *  radius-s  (V+  \J~  e.^aph1' 

to  -  ARCTAW  (  (  Vt)^  Tam  (  $c)) 

Pemarku:  /  u  r  constants  of  Clarke’  *?  Spheroid  of  '1866 , 
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No.  0400  '  PROJECT:  Geodetic  3EC0R 

TITLE :  Unknown  Station  Solution  -5,5 

QAT2GGHX:.  Data  Processing  IDENTIFICATION:  Program  PASS  4 

:  CODE:  Fortran  65,  C DO  1604 
-PHOGRAMMSR:  Dennis  <v/ilson 

PURPOSE:  .To  compute  the  position  of  an  unknown  fourth  station  from 
three  dpana  of  satellite  position  and  range  data. 


USAGE:"  1.  Card  Input 

(1)  Title  Card  -  80  columns  10A8 

(2,3,4)  Time  Cards:  first  time  (H,M,S,M.3)  1215,  15X,  15  - 

last  time  (H,M,3,MS),  delta  time 
(H,M,S,M3) ,  Logical  tape  number 
(  -  1,  2,  5) 

(5)  Unknown  station  location  (latitude,  3(317.10,  3X) 
longitude,  height) 

2.  Magnetic  Tecs  Assignment 

Two  or  three  Ji:  tapes  assigned  to  HD1,  HD2,  and/or 

HD5  corresponding  to  time  cards. 


3.  Printout 

The  unknown  .3tatior.  position  is  computed  with  each 
succeeding  set  of  three  satellite  position.  The  results 
of  each  computation  are'  listed  with  the  deviation  from  the 
input  position  and  the  average  solution,  This  is  preceded 
by  a  summary  including  input  data.,-  average  deviation  from  the 
-survey,  position  and  RMS  error-. 


REMARKS : 


1.  The  shortest  of  the  three  3pans  controls  the  number  cf 
solutions  attempted . 

2.  Two  spans  may  be  taken  oJT  one  3P  tape  as  long  as  the 
earliest  span  timewise  is  in  the  deck  first. 
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AC.  3305  PROJECT *.  Geodetic  SECOR 

TITLE:  List  Packed  Geodetic  5EG0R  taoe 

CATEGORY:  Data  Processing  IDENTIFICATION s.  Program  EXAMP.GK 

CODE:  Fortran  63,  CDG  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  To  produce  a  listing  of  one  or  more  sets  of  station  data  from 
•  a  packed  tape. 

USAGE:.  1 .  Card  Input 

0}  Title  -  30  columns  1QA8 

(2)  Indicators  1615 

IND1-IND8  Desired  data 
l=yes,  2= no 

IND9-  No.  samples  tc  skip 

2 .  Magnetic  Tape  Assignment 

One  input  tape  on  logical  unit  one. 

3.  Printout 

The  listing  is  by  station  with  the  station  name  (from  the  tape) 
at  the  top  of  the  page  and  55  simples.  One  such  page  is  output 
ior  each  station  indicated. 

REMARKS:  L.  Program  begins  listing  with  the  first  sample  oh  the  tape 
and  terminates  when  the  end  of  file  is  encountered. 
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NO.  G800  PROJECT:  Geodetic  SECOR 

TITLE:  Time  Synch  and  Pack  ES  Tapes 

CATEGORY:  Data  Processing  IDENTIFICATION;  Program  PACKES 

CODE:  Fortran  6 3,  CDO  1604 
PROGRAMMER:  Dennis  Wilson 

PURPOSE:  .To  input  two  to  eight  Geodetic  SECGR  ES  tapes  and  produce 
one  or  more  packed  output  tapes.  Data  Prom  the  stations  is 
time  synchronised  as  it  is  packed. 

USAGE:  1.  Card- -Input 

(1)  Title  -  80  columns  10A8 

(2)  Indicators  1615 


IND1-IMD3  =  input  tapes  used.;- 
2=no,  l=yes 

IND9~No.  samples  to  skip 
IHDIO-Ho.  output  tapes 

(3)  Time  Card  IS 

First  time  (H,M,S,MS) 

Last  time  (H,M,S„MS) 

Delta  time  (H,M,£,MS) 

(4)  -  (11)  Station  Calibration  Cards 


SC'SIV.IO,' 3X),  12X,  A3 


Range  Calibration 
IC  Calibration 
Time  Calibration  (sec) 
Station  Name 


Any  logical  unit  1-8  may  be  used  for  input  as  indicated. on 
indicator  card.  The  output  tapes  are  mounted  starting  or. 
logical  unit  d, 

j.  Printout 

Input  cards  are  listed  along  with  self-explanatory  indications 
of  tape  synch. 

TAPE  FORMAT:  The  generated  output  tape  record  consists  of  eight  blocks 
of  data.  Each  block  is  ‘‘ormated  identically  and  consists 
of  data  from  different  input  tapes.. 
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2 

record 

1,  DATA  CODE  T. data,  2  =  no  data  . 

2.  STATION  NAME  -  l604  BCD  -  8  characters 
3..  RUE'  NUMBER 

4.  MONTH 

5.  DAY  - 

6.  TIME.  (Decimal-  Seconds') 

?.  RANGE  -  Edited  .and  smoothed; 

8.  RANGE  RATE 

9.  SMOOTHING  RESIDUAL 

10.  MEASURED  IC 

11.  -  RANGE  -  R^w 

12.  CALIBRATION  -  from  .edit 
.13,  1S0IF  CORRECTION- 

14.  RANCS  ACCELERATION 

15.  ;not;  USED 

REMARKS;  1,,  Data  blocks  not  containing  data  are  zeroed  except  for  the. 

First  word  which  corrteins  a  Floating  point  2. 

2.  The  output  tapes  are  terminated  with  an  end  of  file. 

S,  If  the  first  sample  is  bad,  the  range  calibration  will  be  an 
error  by  -0.0. 

4.  If  the  IC  is  rot  locked,  an  erroneous  IC  calibration  may  result. 

5-.  The  maximum  number  of  samples  which  may  be  recorded  low  density 
5J00  or  ~8  _mm  of  da  ta  -»i  10  samples/sac. 
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NO,  O'  113  -FCF  PROJECT.:  Fi*  ,:dow1 

tLIu£t  Iteratively  Fit  Ionospheric  Refraction 

CATEGORY:  Genoral  IDENTIFICATION:  Program  JONITR 

CODE:  Fortran  62,  F63  CDC-1604 

PROGRAMMER;.  Tred  C,  Forbes,  Jr,.  DA'fD t 

PURPOSE:  To  iteratively,  solve  for  FM AX, BIAS,  and  CONTROL  CONSTANT 

USAGES  ' 

-  :1  *1  ‘ng  Sequence:  Program  iONITR 

2  Mits : 

*  •*'  CARDS  DESCRIPTION  FORMAT 

Ui  Title  ioaF“* 

(2)  Indicator  Card;  (3I1,17X,3(E17.10,3X) > 

NSOLM)  a  Code:  NSOLM  )=1  if  calibrated 

NSOLM  )=0  if  not  calibrated 
NS0L( 2 )=1  if  FMAX  is  calibrated 
NS0L(2)*0  if  FMAX  ia  not  calibrated 
NS0L(3)*1  if  slope  constant 
NS0L(3)=0  if  aoualope  calibration 

(3)  R,H,DRM,ICONT  (3<E17.10,3X),15X,I5) 

R  *  Range,  in  meters 

;  H  -  .Haight  in  meters 

DRM  »  Ionoapheric  correction 
ICONTf^Codet  IC0NT*1  end  of  data 

ICONHaO  continue  data  input 
4.  Routines  Called;  IONO,MTXP,MTXA,MTXI 


METHOD:  Least  squares,  adjustment  of  ICi#gs  with  calibration,  FMAX,  and/or  slope. 


REMARKS : 


1 


tc 


i- 


K- 


& 


NO.  0412  PROJECT:  General. 

TITLE:  Compute  trajectories  anti  Orbits  from  fit  to  Equatorial 

Coordinate*  1  DEMTIH  CATION:  Program  PCMPTJ 

CATEGORY :  Trajectory 

CODE:  fortran,  ft  -C0C«»15C4  DATE,’.  2-1-64 

PROGRAMMER:  freer  C.  forbei,  Jr. 

PURPOSE:  Compute  precise  trajectories  and  orbits  with1  compensation  for  2nd, 

3rd  and  4th  zonal  harmonics  of  ths  sarth,  atmospheric  drag,  and' lift. 
Optional  initial  conditions  of  time,  position  and  velocity  vectors 
or  two  positions  and  apogee  height  are  provided  as  well  as  provision 
for  iterative  least  squares  fit  (with  or  without  weighting)  to  ths 
vehicle  position  coordinates.  Equatorial  coordinates  ars  listed  and 
itqpocentric  coordinates  are  computed  and  listed  with  rsepset  to  cny 
number  of  sites  on  the  e.frth'3  surface.  The  final  orbital  parameters 
are  adjusted,  to  input  equatorial  coordinates. 


USAGE: 

Inputs: 


CARDS 

TTT 

(2,) 


DESCRIPTION 


i 


Title  '  " 

I0'5TN,N0.,ITER,KP,KWT ,  I  DTI ,  I'JNITS* 

IOPTN  -  initial  codditions  option 

001  -  time  with  two  posit  ions 
and'  appgee  height 
002  -  time  with  equatorial 

position  and  velocity  vectors 
=  number  of  input  positiip  vectors 


FORMAT 

A  8d  Hoi lsr i ik 
1)13,15,13 


SC 


to  be  fit  by  iterative  least 


Opt  ion 
Option 
Option 


(3) 

('O 

(5) 


Option:  1 
Option  2 


(6)  AL 


1'3) 


squares  NO  200 

•-  number  of  iterations  of  the  fit 
=  perturbation  option  indicator 
001  -  drag  and  lift 
302  -  no  drag  and  lift 
=  least  squares  weighting  option 
001  -  input  weighting 
302  -  no  weighting 
=  maximum  interval  between  recti¬ 
fication:  in  .perturbation;  computation 
times  10 
time  of  epoch 

latitude,  longitude,  height  of  epoch  3(E17,10,3X) 
latitude,  longitude,  height,  of  second 
point  oh  trajectory  3(Ei;7.10,3X) 

apogee  bmlfftt  (AL  is  located 
between,  CO  and- CL)  E17.10 

TI,RE=ti*e  and  position  vector  at 

epoch  where;  RE  -is  the  equatorial 
coordinates  4E20.10 


ITER 

KP 


KWT 


IDT! 


TI 

CO 

Cl 


*IUNITS  s  units  code  of  input  injection  vectors (.s,«s(  31)  >for  cods  ID). 


'S. 
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Option  2  (  4)  YS  *  equatorial  velocity  components 

at  epoch;  3  E20.1Q 

tKP=001  (  7) -('16)  FMD  =  table  of  mach  speed  versus 

drag  coefficients  4(E17.10,3x) 

KP=00i  (17  )•*(  23)  table  of  curve,  fitting 

coefficients  4  (17 ,10,3.x) 

KP=001  (24J  NOT,.  FMASS,  EA  l20,2(E17,10,3x 

NOT  =  number  of  coefficients 
in  table 

FMASS  =  vehicle  mass  in  pounds 
EA  =  vehicle  cross  sectional 

"  ■  area  In  ft^  r 

(25)  TM,  TRJP  =  trajectory  points  for  fitting  4  E20e10 

■  - .  .TM  =  f ime  in  seconds 

TRJP  =  xn,;  Ye,  Z£  of  Chicle 

.  -  -  I- 

(26)  Same  as  23  until  NO  (see  item  2)  are 
input 

-KWT=001  (27)  COSITE  =  latitude,  longitude,  height  of 

local  origin  for  error  propagation  3(Ei7.10,3x) 
KWT=001  (28)  IEQU,  SITE  I3,X17,  3(E17.10,3x) 

•IEQU  =  equipment  selection  code 

001  =  range 

002  =height 

003  =  I,  direction  cosine 
004  =  M  direction:  cosine 
005  =  azimuth 
006  =  elevation 

SITE  =  latitude,  longitude,  and  height 
/  of  equipment,  site-- 

KHT=001  (29  1  EM,  ICONT  *  error  model  5  E17.3,I5 

EM(.l)’  =  equipment  error 
EM (2)  tropospheric  refraction 

EM(3)  -scale  factor 
EM( 4 )  -•  site  survey 
E*i(5)  =  ionospheric  refraction  for 
range  and  height  equipment 
EM( 5 )  -  baseline  length  for  L  and  M 
ICONT  =  continuation-  code 

I CONTI 6 )=  continue  input  of  EH 
IC0NT(1)='  indicates  lest  site  input 
KWT*001  (30  ),,.  (31  )  Same  as  (2fi)  and  (29)  for  all -tracking 

equipment 

(32  )  TO,  DT,  TF  =  times  for  forward  3(E17.10,3x) 

predictions 
’TO  =•  first  time 

DT  =  time  interval 

TF  =  final  time,  of  prediction 

( (TF-TO)  /DT  <1000/)  per  run  ) 

(33)  I  PUNCH ,  I UNITS  213 

I  PUNCH  =  punch  output,  code 

000  =  no  punch  output 
001  =  punch  output 
IUNITS  =  output  units  code 
001=  feet 
002  =  meters 

003  =  statute  miles  (-5280*  ) 

004  =  nautical  miles  (6076,10333') 

005  *  -yards 


Output ; 


Method : 


Remarks: 


(36)  TITLE  =  site  name  card  A80  Hollerith 

^37)  CS  =  latitude,  longitude,  height  of 
points  on  earth  to  which  trajectory 

points  will  be-  referred .  3(Ei7rilO,3x) 

'<”3 (39)  Same  as  (36),  and  (37)  for  all 
desired  sites. 

From'  Fitting.:* 

All  input  data  are  diimpe..:  for  reference.  On  successive 
iterations,  the  adjusted  injection  vectors,  as  well  as  the 
difference  between  each  predicted  point  and  the  corresponding 
input  data  are  listed.  Thu  dif ferruce  between^  the  two-body 
prediction  of  position  and  velocity  and  the  total  field 
prediction  values  are  listed.  The;  error  propagation  (Inverse 
weighting)  in  the  XYZ  coordinates  are  also  listed  when 
weighting  is  called  out. 

In  Equatorial  Coordinates-: 

Point  number,  hours,  minutes,  seconds,  total  seconds, 

XYZ,  XYZ,  latitude,.  lonRitude-j  height ,  and  associated  titles. 

In  Tcpocentric  Coordinates:  r## 

Point  number,  hours,  minutes,  seconds,  XYZ,  XYZ,  in 
local  east-horth-up  coordinates^  slant  ranges  surface  range, 
range*  rate,  azimuth j  elevation  angle,  and  height  AMSL  with 
titles. 

Trajectory  predictions  are  computed  by  a  method  based 
on  computing  a  reference  trajectory  with  closed  form  two- 
body  equations -and  then  adding,  numerically  integrated 
perturbation  terms. 

In  the  least  squares  fitting,  unity  weighting  or  weight¬ 
ing  based  on  the  propagation  of  major  sources  of  observational 
error  into  position  variance  and  covariance,  are  optional. 

See  program  GENEPQ  No,  617  FCF,  for  method  of  error  propaga¬ 
tion. 


All  input  is  expressed  In  feet,  seconds,  degree?,  end 
ratios.  In  the  error  propagation  refraction  is  input  as  the 
ratio  of  the  residual  error  to  the  total  (meant  atmosphere) 
correction  (  i  .e.  *  5^  residual  would  be  input  as  0. OS-)  i  Seals 
factor,  baseline  length,  and  site  survey  are  ratios.-  An  error 
in  site  survey  of  1  PNM- would  be  input  as  0.000001. 

If  punch  output  i?  desired,  the  source  deck  should  be 
Edified  to  give  the  dVsired,  output. 

Reference  should  be,  made  to  the, -program  listings  for  all 
necessary  subroutines  and  memory  usage. 


Ip.  .402-,  ,  PROJcCT:  FISHBOWL  ' 

VTI:TL3f  Predict  Two-Body  Position,  Velocity.,*  Partial  Derivatives 
CAlkiCR*:  Trajectory  ’  ID B?JT fFlCATIGN ;  Subroutine  TBFVU. 

CODE:  Fortran-  6.?,  63  CDC  1604*  3600 
;P$GRAMMER:.  t„  C.  Forbes-,  Jrx  DATE:  1-10-62 

PURPOSE:  Predict  two-body  position  and  velocity  vectors  and  optionally 
1  the-  (3x6)  matrix  of  tyo-body  partial  aarivatives-  with  .respect  to 

position:  expressed  in.  units'  of  feet,  feet/seconrl,  and  in  an 
in§rtial  coordinate  ays tom. 

;USAG3: 

1.  Calling  Sequence-:  CALL  TBPVS  (TO,  TM?  V3C,  PTL,  ‘NOTE)  , 

2-  Arguments':  '  . 

.  INPUTS:  TO  =  time  of  op^ch  or  injection  in  seconds 

TM  =  time  of  forward  predicted,  date  in  second s' 


OUTPUTS :  VEC(.fc)  - 


PTL .IS/ = 


array  of  position  and 
inertial  coordinates 


ax 

ax 

9Xo 

ay 
■  0 

ay 

ay 

ax 

0 

ay 

0 

32 

• 

ax 

velocity  components  in 
and  in  feet  and  feet/second 


partial  derivatives  of 
predicted  .position  vector 
with  respect  to  injection 
vectors.  R  -V 


NOTE  -  option  indicator 

1  =  compute  Vr.C  only 

2  -  compute  V.SC  and  PTL 


MSTHCD: 


Routines  Called:  MTXr,  MTXT  ,  - 

Linkage:  Subroutine  TRJK  or  TRJKX  . 

C0m0KAPJCNTS/CU(3),  ■P0(6),  RO,  A1-,  A  IS,  AAIS,  GAUD,  EATO, 
ECC,,  E0,  DBG(6)  ,  DAI(6),  WE^  DG0(-6),  PTLI(3,6),  VEC1(6), 

.  *LMIKV(3,3) 

Iterate  Kepler’s  equation  bused  on  the  time  of  prediction  to  compute 
the  change  in  the  eccentric  anomaly.  Integration  constants  are 
then  computed  and  used  to  form  the  predicted  quantities. 


REMARK!:  This  routine  is  used  in  conjunction  with  subroutine  TRJX  or  TRJKX, 
which  computes,  all  necessary  constants  used  in  TBPVS ,  TBPVS-  is 
used  in  trajectory  fitting,  error  propagation,  and  simulation  ’’ 

,  programs.  s 


MO.  CO  413  FCF  PROJECT:  Geodetic  SECOR 

TITLE:  adjust  Range  and  Velocity  to  Input  Trajectory  Paints  using  Precise 

Trajectory  Predictions  IDENTIFICATION :  Subroutine  PTRJFT 

CATEGORY;  Trajectory  Prediction 

CODE :  Tort  ran  b2  DATE: 

PROGRAMMER:  Fred  C.  Forbes,  Jr. 

PURPOSE:  To  predict  a  trajectory  path  using  initial  injection  vectors. 

USAGE: 

1.  Culling  Sequence:  CALL  PTRJF7(T0.R0,V0,N0,TM,TRJP,ITER,KP,KWT,Dn) 

2.  Arguments: 

NO  -  No.  input  position  vectors  to  be  fit  by  iterative 
least  squares  N0<  200 
ITER  -  No.  iterations  of  the  fit 

KP  -  Perturbation  option  number:  001  =  dra>?  and  lift 

•  002  =  no  drag  and  lift 

KWT  -  Least  squares  weighting  option: 001  =  input  weighting 

002  =  no  weighting 

TRJP  -  Latitude,  longitude  and  height  above  mean  sea 
level  of  vehicle 
TO  -  First  time  for  prediction 
DTI  -  Time  interval 

TM  -  Time  of  forward  predicted  data  in  seconds 
RO  -  Adjusted  range  injection  vector 
VO  -  Adjusted  velocity  injection  vector 

3.  Inputs:  N0,1TER,KP,KWT,TRJP,T0,DTI,TM 

4.  Outputs:  R0,V0 

5.  Routines  Called:  EQCOOR,TBWPT,TBPVS,MTXT,«TXP,G£P,MTXA,INSS 

METHOD:  Trajectory  predictions  are  computed  with  closed  form  two-body  equation#  addi 
ing  numerically  integrated  perturbation  terms. 


REMARKS:  Input  Is  expressed  in  feet,  seconds  and  degrees. 
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MO.  C0412A  PROJECTt  Geodetic  SECOR 

TITLEi  Call  in  Drag  Coefficients 

CATEGORY!  Trajeotory  IDENTIFICATION!  Subroutine  DRGCOF 

CODEi  F62,  53 

PROGRAMMER!  F,  C,  Forbes,  Jr*  DATE! 

PURPOSE!  To  read  in  drag  coefficients 
USAGE! 

lv  Calling  Sequence i  CALL  DRGCOF(KP) 

2.  Arguments!  KP  ■  option  indicator 

1  *  read  in  coefficient# 

2  *  used  as  a  dummy  routine 

3.  Input a i 
4*  Outputs i 

5.  Routines  Called:  none 

6,  Linkage:  C0MM0Il/PERT/FMD(20,  2),  HO,  mSS,  EA,  C0(4,  6) 

METHOD: 


REMARKS : 
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j5f.5  .  '•  PPOJECF  Geoddttc  SECOR 

‘tSTl-S  Three  Fatale  'Solution — P  ban*  .'..vs teat  ; 

CA'P&'QPV  Utility  in  Subrouting  T-APOKT 

COVt  Fortran  CP.  CD C  1604* 

I'HOOKAMKEP  JVnn'.r  tfileon  DATE  Kay  t?y>9C5 

puRto;  -  "'  v .  •  . 

I  To  cctrpuLe  t  he  post  'd  on  of  sorx  target,  using  ranges 
1‘rfWf  Rime  base  bA at  tons,  The  jnieu1,s  era  re i stive  to  a 
plane  boordittat*  .system  vhcv>  xry  pl~nc<  passes  through;  the 
thrao  bast,'  stations  ard  whose  center  is  at  base  s bailor  one. 


USAGE . , 

. -  . '  i . 

: '.  ’  z. 


Call tnr  Se^benre 
Arguments- 
STA 


C  AI  l  TAWvFi’f  STA r Kf ,  R2 ,  PS ,  S  MHZ1,  X,  VZ  / 


Pf,R2,B5 


V  • 

sir-M/ 

r 

3. 

^  i  * 

Input  STA.  H 

4. 

Output  x,  r,y. 

METHOH 

•  ■ 

X’: 

^R^-XxCf  i 

A  35:3  trj *  of  the  xys  poel-Mons  of  the 
^hreo  ease  stations  in  the  plane  coordinate 
system. 

NOTE:  ST  A'  1 ,  1  '-ftA'  2 , 1  )*S7Af  3 , 1  )= 
ST.^S,2M^.dS,3)^0 

»  The  three  .ranges 

i?  -  ■ :  ■ 

Tr.e  sign  of  the  7.  coordinate 

'  *  * 

The  target’s  position  in  the  plane  system 


3*w+  'h  K 


.  ..Ai 

•  ••;»•  ,e.'< ; 

,  V  > 

i  j 

.  •>',  * v  1; 

%  - ,? 

.  *V 

-.v-W 

v  f 

.  4'i 

x  )  t 

1  ^  '  *  V& 

.  -  rii 


\t- 


- 

**«  '  v 

-c'  ■ 

..S'- 

«W*.  ^  ^  '  + 
/,  >  IkVs  <V 
’  v'x: .% 

.. 

i 

:  *  -  lif.'-a 
•  'ft  V 

-  . ;  .'4 


-  < '  v« .  - 

*  ’  -vV 
\*V*"  “ 
T.-  V  "  %  '  '•  “  'J 
'  “r 


■  VI 
iV 


>  *, 


■nnm?  >  ‘ 

Pros  ram  S0U.iT  uses  this  buifrouiih^  ttr.h  converts  between 
the  lotoi  dyatem  ahei  plane  vyKte*  ■ 


-/  * 
C  ‘  ** 


T.-6T 


No.  G39t  PROJECT:  Geodetic  33C0R 

TITLE:  List  oaiollite  Position  Tape 

CATEGORY :  Jpecial  Purpose  IDENTIFICATION:  Program  EXAM3P 

CODE:  Fortran  63,  CDC  1604 
HiCG  RAMMER:  Dennis  /.'ilson 

PUHP03E:  To  list  all  or  part  of  the  data  on  a  Geodetic  SECOR  3P  tape,* 


(1)  Title  ~  60  columns 

(2)  mcicatc-i-  Card 


10  A  8 


ILL!  ~  no.  samples  to  skip 
ILD2  -  print  option  .1  1  =■  yes 

11.05  -  print  option  2  2  -  no 

(3)  Times  -  first  time  (H,  M,  3,  JC)~. 

last  time  (H,  M,  3.,  M3), 
delta  time  (H,  M,  3,  M3) 


515 

--  1215 


2 .  Hacnellc  lane  Assignment 
One  3F  tape  or.  lexical  unit 
5 .  Printout  ■- 


KD1 


(l)  Input  data  *  ~ 

\Z)  lime,  satellite  position,  ... 

f.£ j  Option  1:  range  data  from  each  station 

U)  Option  Z:  permuted  solutions 


The  two  print  options  may  be  included  or  not  independently. 


DC*/yj 


H,  / 


KO.  U1  PRCJ..0T: 

TITL..  :  ^uad  Test  for  the  Azimuth  front  tlort1  to  East 

CATEGORY!  Utility  ID&KTir  IC  AtlON :  Subroutine  (JUTS 

CCL'E:  Fortran  H  CDC  -  1604 

PR00RAJ.S/.ER :  Fred  for  bos  ‘  DV.-:  6-28-63 

ruR.’os  s  . 

US  .ia: 

1.  Calling  Sequan.ce :  CALL  QUTS  (X,  Y,  A) 

2.  Arguments:  X  -  X-component 

Y  -  Y-conioonant 
A  -  Radians 

3.  Inputs:  X„  Y 
4!.  Outputs  A 

5.  Routines  Called:  None 
METHOD:  .  ' 


Remarks  : 


<*  * 


•v 


PRf  JSC.T 


»c.  u:  2 

TL*l&i  Fora  Unit  Vector 
C  vTni:  RY :  Utility  IDENTIFICATION  :  Subroutine  UTVT 

CO “L :  Fortran  II  C;C  -  1504 

.  R-V/.f.v'M.  li:  Fred  Forbes  DAIu:.  2-16-63 

PURPCSr : 

I’Bw.j  .  ’  - 

1.  Callin',  Sequence:  C  tLL  UTVT  (A,  B,.  I) 

2.  Arguments:  A  -  Victor 

B  - 

T*Tt 

I  r  Total  elements 

3.  Input:  A,  I 

4.  Output:  B  •: 

5.  Routines  Billed:  None  .  -t\ 

C.  Linkage:  friu&NSICN  A<f),  B,(l)  M 

WftTHrtL:  ? 


PROJECT  r 


NO.:  a  3 

TITLE:  Perm  the  Sum;  of  the  Squares 
CAfelORYj-  Utility 
CODE*.  Fortran  II  Cl'C  -  1304 
FROG  R  AUK  L'R  j  Fred:  Forbes 
PURPOSE 

USAiEi 

1.  Calling  Sequenoej.  CALL  SUSQ  (A,  B,  I) 

2. '-  Arguments  i  A  -  Vector  xi. 

B  -  XL  (*>x) 

r  1  r  Total  elements 

3.  Input:-  hi  1 

4.  Output:  11 

5..  Routines  Called:  None 
6.  Linkage:  .  ElMKNSiQR  h(\l  -  : 

ME"  HOD:  ’  : 


1 DKN  TIFIC  ATICN :  Subrout ine  SUSQ 
DATE:  2 -12 -03 


PROJECT: 


NO .  4 

TITLE:  Form  Scalar  Matrix  Product 
C.T-TOrtY!  Utility  I  DPN-TIFICaTTGN.; 

fe)DEr  Fortran  H  CFG  -1604 

PK03R  MNL.U :  Fred  Fcrbes  D<*TE:  2-12-63 

PURrOG.  : 

UGA'-t: 

1.  Galling  Sequence:  CALL  SCF.T  (A,  H,  C,.  I) 

2.  Arguments:  A  -  So.alor 

13  -  Matrix 
G  -  A*B 

fit-  Total  elements 

3.  Input:  A,  1,  I 

4.  Output:  C 

5.  Routines  Called:  None 
Linkage  :  DIMENSION-  B(l),  0(1) 

M.'.Tlk'D: 


Subroutine 


NO.  U5  PROJECT! 

TITLE*  Compact  an  Array  into  a  ^argar  Array,  £ 

CATEGORY,!  Utility  IDENTIFICATION  :  Subroutine  ITXC 

CODE!  Fortran  II  C DC  -  1604  H 

PROGRAMMER:'  Fr*d:  Forbes  DATE:  5-28-63 

PURPOSE! 


USAGE! 

1. 

2. 


3. 

4. 
6. 
6. 

METHOD  j< 


Calling  Saquanoai  CALL  MTXC  (A,  B,  1  A,  IB,  IC,  ID,  IB) 
Argument*!  A  -  C0raoosit#  array 

B  -  Segment  of  array 

I A  -  Row*  in  A 

IB  -Column*  to  skip  in  A 

IC  -  A  oolumn  elements  to  skip  to  fir  at  B  element 
ID  -  Sow*  in  U 

IS  -  Column*  in  B 

Input! 


Output!  * 

Routines  Billed,!  None 
Linkage!  DIMSNSICN  !  A(l),  B(l) 


RcM  IRKS : 


PROJECT: 


NO .  U  6 

TITLE:  lbi.rnltutU  of  a  Vector 
CATEGORY:  Utility  IDF2i.TIFIC.ATl  TL:  Subroutine  MGVT 

CODE:  Fortran  CfC  -  1004 

PiROI  R.‘Ji'.!nwK:  Fry  a  For  bos  DATE:  6-20-63 

PURPOSE: 

USA  >E : 

).  C  ti  ling  Soquunce:  CALL  Mofe  (A;  B,  I ) 

2.  Arguments:  A  -  Vector  ” 

0  -  a/t 

I  -  Total  elements. 

3.  Input:  A,  I 

4.  Output:  B 

5.  Routines  Cilled:  None 

6.  L lnkagd :  DliOSlOl  A(l) 

KETIDD: 


i NO..  U7  •  PROJECT: 

TITLE:  Matrix  Addition 

0 Ali.GORT:  Utility  -ItUETIFIC  ATI'  N :  Subrouting  MTXA 

COPE:  Fortran  II  CPC  -  1604 

PROGRAMMER i  Frau  Forbes  f.,\To:  6-28|g3 

PURPOSE:,  I 

,  US  Air:  ‘ 

1.  Celling;  Sequences  I^LL  VfXA  (A,  B,  C>  I) 

Argument 3  A  -  Matrix 
■B  -  j|atri'x 
C  -  A  /  r> 

1  I 

•  JL  -  Total  elements 
3#  Input:  A,  iit  1 

4.  Output:  C 

5.  Routines  Called:  None 

«-  Linkage:  DIMENSION  A(l),  ff(l)r  C(l) 

METHOD: 


f. 


T  -«9 


PROJECT! 


NO,  U9  . 

TITLE!  Matrix  Transpose 
CATEGORY  :>  Utility  IDENTIFICATION:  Subroutine  MTXT 

CODE:  rortran-62  CDC  -  1604 

PROGRAMMER!  Fred  ForBea  DATE:  28  Jun,e  3963 

PURPOSE : .  To  transposes  NxM  matrix  to  a  MxN  matrix. 

USAGE! 

J,  Calling  Sequence:  CALL  MTXT  (A,  BL,  N,  M) 

2.  Arguments!  A  -  Matrix  (NxM) 

B  -  Matrix  (MxN) 

N  •  Row*  of  matrix  A,  columns  of  matrix  B 
M  -  Columns  of  matrix  A,  rows  of  matrix  B 
3".  Input!  A(NxM') 

4.  Octput:  B(MxN) 

5.  Routines  Called:  Nona 

6.  Linkage:  DIMENSION  A(l),  B(l) 

METHOD: 


REMARKS : 


NO.  IJ  10 


PROJECT: 


TITLE:  Matrix  Product  IDENTIFICATION:  Subroutine  MTXP 

CATEGORY:  Utility 

CODE:  Fortran  62  CEC  r  1604  ; 

PROGRAMMER:  G.  Rutherford 

PURPOSE':  To  multiply  Matrix  A  by  8  and  store  results  in  C. 

USAGE : 

1.  Calling  Sequence:  CALL. MTXP  (A,  B,  C,  N,  M,  K) 

2.  Arguments:  A  -  Matrix  (NxM) 

B  -  Matrix  (MxK) 

C  -  Matrix  (NxK) :  C  *  A  *  B 
N  •  Rows  in  Matrix  A,  rows,  in  Matrix  C 
M  -  Columns  in  Matrix  A rows  in  Matrix  B 
,  Columns  in  Matrix  B,  columns  in  Matrix  C 

3.  Input:  A(NxM),  B(MxK) 

4.  Output:  C(NxK)  ' 

5.  Routines  Called: 

6.  Linkage:  DIMENSION  A (lf) ,  B<1),  C(l) 

METHOD: 


REMARKS : 


PROJECTS  OSJV..H 


NO.  U  11 

TITLE)  Vector  Multiplication 
CATEGORY:  Utility  IDENTIFICATION } ^Subroutine  VECMPY 

\CODE:  Fortran  62  CDC  -  1604 

PROGRAMMER:  Dennis  Wilson  DATE:  November  20.  1963 

PURPOSES  To  form  the  vector  product  of  two  vectors  (cross  product!)., 

USAGE:  ].  Calling  Sequence:  CALL  VECMPY  (R1.R2.R3) 

2.  Arguments:  R1.R2.R3  -  3x1  arrays  for  the  three  vectors 

3.  Input:  R1.R2 

v  4,  Output::  R3 

5.  Routines  Galled:  None 

METHOD:  '  R  =~R  x“r! 

3  1 


REMARKS: 


PROJECT:  SHIRAN 
IDENTIFICATION:  Subroutine  MATIN V 
DATE:  22  Jund  1963 


PURPOSE: 

To  invert 

a  matrix 

up  to  2C(<20  and  solve  the  Tnatrix  equation 

if 

desired. 

USAGE: 

1. 

Calling  Sequence: 

CALL  MATINV  (A,N,B,M,V) 

2. 

Arguments 

s  A 

out 

-  Equals  A^  inverted 

N 

-  The  size  cf  the  -matrix 

®out 

-  Equals  B.  times  K 

in  out 

M 

-  Control;  0  if  B  is  not  to  be  computed. 

1  if  It  is  to  be  computed 

W 

-  The  characteristic  determinant 

3. 

Input : 

4. 

Outputs 

. 

5. 

Routines 

Called  t 

METHOD:  A  more  complete  description  is  available  in  the  University  of 

California  at  San  Diego  write-up.  A  copy  of  this  is  available  in  the 
Master  File  of  th‘is:  series. 


REMARKS*  The  A  space  should  be  reserved  as  920, N),  B(20),  andW(l). 


NO.  U  12 

TITLE:  Matrix  Inversion*^  Linear  Solution 
CATEGORY:  Matrix  Operations 
CODE:  Fortran  62  CDC  -  1604 
PROGRAMMER:  (From  the  ;UCSD  Library). 


PROJECT?  ODVAR 


K 6.  UL3 

TITLE:  Rotation  Matrix 
CATEGORY:  Utility  ,  I DENFI CATION:  Subrout  in#  ROTMX 

CODE:  Fortran  II  CDC  -  1604 

PROGRAMMER:  Dennis  Wilson  DATE:  August  13,  1963 

PURPOSE:  To  formoi.rotat ion  matrix  given  the  angl#  and  the  axis  about  which 
to  rotate.  -> 

i  -  . 

USAGE: 

1.  Calling  S#\  jenc«:  CALL  R0TMX(I1,I2,T3;AN3RAD,,  ROT) 

2.  Arguments:  II ,<12,13  Indicators!  *  0  axis  about  which  rotation  is 

made 

f  1  the  other  two  axes 

ANGRAD-  -  The:  angle  in  , radians  - 

ROT  -  A  3x3  rotation  matrix 

3.  Inputs: 

4".  Outputs:  -  -  ' 

5.  Routines  Called:  Nona 

6.  Linkage:, 

METHOD:  'V„-: 

Example :  To  rotate  by  an  angle  Alpha  about  the  Y-axis  to  form  matrix  A; 

CALL  ROTMX  (1,0,1,AL?HA,A) 


REMARKS: 


HO,  U  14  PROJECT'S  ODVAR 

TITLE:  Quadrant  Teat  -  Polar  Angle- 

CATEGORY;  Utility  IDENTIFICATION:  Subroutine  QUAD 

CODE:  Tortran  II  CDC  -  1504 

PROGRAMMER:  Dennis  Wilson,  DATE:  August  8f  1963 

PURPOSE:  To  compete  the  polar  angle  {CCW  from  X-axis)  from  the  X  and  Y 
components. 

USAGE: 


1. 

Calling  Sequence: 

CALL  QUAD  (X,Y» ANGDEG, ANGRAD) 

2. 

Arguments:  X,Y 

ANGDEG 
ANGRAD 

-  X  and  Y  components  in  any  system  of  units 

-  Angle  .in  degrees  CCW  from  X-axis 

-  Angle  in  radians, CCW  from  X-axis 

3. 

Inputs: 

_ 

4. 

Outputs: 

■:  I 

5. 

Routines  Called : 

tfon« 

6. 

Linkage :  None 

METHOD:  Arctangent  function  and  quadrant  test.  L' 


REMARKS:  X  and/or  Y  may  be  zero 


.  P 

J  '  :  ■  ' 

t  _  * 

-  ,  i 

: 

r  -  '  ,  HO,  U  IS  PROJECT:  General 

■TITLEi  Compute  Equatorial  Coordinates  and  Rotation  Matrix, 

'I  CATEGORY:  Geometric  IDENTIFICATION :  Subroutine  EQCOOR 

CODE:  Fortran  62,63  CDC  -  1604 

PROGRAMMER:  F.C.  Forbes,  Jr.  DATE:  2-6-64 

PURPOSE:  Compute  equatorial  coordinates  and  topocentric  to  equatorial 
rotation  '.matrix  frpm  the  geodetic  'atitude,  longitude,  and 

height  above  mean  sea  level. 

Calling  Sequence:  CALL  EQCOOR  (COOR,  XYZ,  GD,  MTFT) 

Arguments: 

COOR  -3  element  array  —  geodetic  latitude,  east  longitude  in 
degrees,  and  height  AMSL  in, feet. 

XYZ  -  3  element  array  •--  equatorial  coordinates  in  meters  or  feet 
GD  -9  element  array  -«  local  east -north-up  to  equatorial  rotation 
matrix 

MTFT  -  units  opt  ion  , on  XYZ  output 

1  *  meters 

2  =  feet 

Inputs:  COOR,  MTFT 
Outputs:  XYZ,  GD 

METHOD:  See  coding. 


USAGE: 


1. 

2. 


3. 

4. 


REMARKS::  The  Clark  spheroid  of  1866  is  assumed  for  all  computations. 

Degrees  and  feet  are  input  and  feet  or  meters  are  optionally  output. 


T  -  7 ' 


V 


\ 


NO.  U  16  PROJECT  :  .  7-' 

TITLE;  Earth-centered  Coordinates  to  Geodetic  Coordinates 
CATEGORY:  Utility  IDENTIFICATION :  Subroutine  ECGD 

CODE;  Fortran  62  CDC  -  1604 

PROGRAMMER:  Dennis  Wilson  DATE;  May  16,  1963 

PURPOSE:  To  use  geocentric  coordinates  of  a.  point  to  determine  the  geodetic 
latitude,  longitude  and  Haight. 


USAGE:  . 
1. 
2. 


3. 

4. 

5. 


Calling  Sequence:  CALL  ECGD  ( X ,Y ,Z  fSLA? ,SL0NG ,HT) 

Arguments:  X,Y.,Z  -«  Location  of  a  point  in  geocentric  coordinataa. 

X-axis  it  in  the -equatorial  plana,  and  is  through 
the  prima  mar id lan j  tha  Z-axis  is  along  the  minor 
axis  of  tha  geode  and  paasas  through  the  north  pole;. 
Y  la  chosen  to  form  a  right-handed  system. 

SLAT, 

;s4ong,  v; 

Ht  -  The  gaodatic  coordinates  of  tha  point.  SLAT  is  the 
latitude  (positive  north  of  equator)  in  degrees. 
SLOKS  is  the  longitude  (west  longitude)  in  degrees. ■ 
HT  is  the  height  above  the  geode  along  the  local 
normal  in  oetors, 

Input:  X,Y,Z 

Output:  SLAT,  SLONG,  HT 

Routines  Called:  Nona 


METHOD:  The  calculation  uses  the  method  described  on  pp. 15-16  of  ASTIA 

document  #90538.  This  is  an  iterative  solution  for  determining  latitude 
<and  height.  Constants  for  the  Clark  Spheroid  of  1866  were  used. 


I  < 

REMARKS:  Versions  using  both  Clark  and  International  Spharoids  are ravailable. 


T -78 


NOj  C0205  '  PROJECT:  General 

TITLE:  Invert  3x3  Matrix 

CATEGORY-:  Utility;  IDENTIFICATION:  Subroutine  MTXI 

CODE:  Fortran -62,  Fortran  63,  CDC-1604;,  3600 

PROGRAMMER:  F.C.  Forbes  Jr.  DATE:  January,  1964 

PURPOSE:  To  invert  a  3x3  matrix. 

USAGE: 

1.  Calling  Sequence:  CALL  MTXI.(A,B, DETERM) 

2.  Arguments: 

A(9)  -  3x3  matrix 

B(9)  r  Inverse  matrix  of  A. 

DETERMr  .Determinant  of -A 

3.  Inputs:  A 

4.  Outputs:  B, DETERM 

-5.  .Routines  Called;  None 
6.  'Linkage:  None 

METHOD: 


REMARKS: . 


NO.  CO  11*4  FCF  PROJECT:  Fishbowl 

TITLE:  Compute  Empirical  Ionospheric  Refraction 

CATEGORY:  General  IDENTIFICATION:  Subroutine  IONO 

CODE:  Fortran  62.,  F63  CDC-1604  : 

PROGRAMMER :  Fred  C.  Forbo3,  Jr:  DATE: 

PURPOSE : 

USAGE: 

1.  Calling,  Sequence :  CALL  IONO(RM, SI.N, DRINO,FMAX,C!<, FREQ)’ 

2.  Arguments: 

KM  -  Slant  Range  in  meters 

SIN  -  Sine  of  Elevation  Angle 

DPINO  -  Range  correction  in  meters 

FMAX  -  Maximum  electron  density  in  the  F2 -layer 

CK  -  Control  constant. 

FREQ  -  Carrier  frequency  in  mc/sec 

3.  Inputs:  RM ,  S  IN ,  FM  AX ,  CK ,  FRL'Q 

4.  Outputs:  DPJ  NO 

5.  Routines  Callsd:  None 

METHOD; 


REMARKS:  I/O  in  units  of  meters  with  frequency  in  mc/sec,  FNAXxlO"12 


PROJECT:  General 


NO.  CO  203  FCr 

TITLE:  Compute  Vector  Dot  Product 
CATEGORY-:  Utility  IDENTIFICATION:  Subroutine  CCXPD 

CODE:  Fortran  62,  F6 3  CDC-1604 

PROGRAMMER:  Fred  C.  Forbes,  Jr.  DATE: 

PURPOSE:  ;  . 

jlSAGE: 

1.  Calling  Sequence :  CALL  CCXPD  (R0,R1,C0SV,VR, ROM, RIM) 

2. :  Arguments: 

RO  -  3x1  input-  array 

R1  -  3x1  input  array 

-ROM  -  Magnitude  of  vector  RO 

RIM  -  Magnitude  of  vector  Rl 

C0SV-  tajine  \ef ^tMe  angletbetween  RO  and  Rl 

VR  -  Angle  between  RO  and  Rl  (cos"^ '(COSV) ) 

3.  Inputs:  RO,  Rl 

4.  Outputs:  COSV,  VR,  ROM,  RlM 
5;,  Routines  Celied:  None 

METHOD: 


REMARKS: 


wo.  co  307  rcr 

TITLE:  Compute  Rotation  Matrix 
CATEGORY :  General 
CODE.  Fortran  62,.  F63  C DC-1604 
PROGRAMMER:  Fred  C.  Forbes,  Jr, 
PURPOSE:  Given  vectors,  compute 


PROJECT:  Fishbowl 

IDENTIFICATION :  Subroutine  VECROT 

DATE: 

rotation  matrix  by  vector  cross  product. 


'C  5  » 

1,  Calling  Sequence:  CALL  VECROT{RO»Rl»VO,Vi,GVR); 

■2i  .Arguments: 

RO  -  3x1  input  array 

R1  -  3x1  input  array 

VO  -  3x1  input  array 

VI  -  3x1  input  array 

GVR  r  3x3  rotation  matrix 

3.  Inputs,:  RO,  Rl,  VO,  Vi 

4.  Outputs:  SVR 

5.  Routines  Callsd:  MTXI,  MTXF 


METHOD: 


V\ 
t  \ 


REMARKS; 


'NO.  G0501  PROJECT}  Geodetic  SEGOR 

TITLE 1  ’  Convert  Seconds  to  Hours,  Minutes,  and'  Seconds  to  Midnight 
CATEGORY »<  General  IDENTIFICATION  :  Subroutine  TIMED 

CODE:-  F-63,  63 

PROGRAMMER:  ,F.  C.  Forbes,,  Ji.  DATE.: 

PURPOSE:  To  convert  seconds  to  hours,  minutes  and  seconds 
USAGE: 

1.  Calling  Sequence:  CALL  TTKEC^Ta™, ,  HR,  TyT„,  SEC) 

2.  Arguments:  -  -  - 

Tg^  -  input  tins  lit  seconds 

HR  -  hours. 

7MIN  «•  ainutes 
SEC  -  -seconds 

3i  Inputs:  TS£C 

4.  Outputs:  HR',  Tmin,  SEC 

5.  Routines  Called:  none 

6.  Linkage:  none 
METHOD «: 


REMARKS:. 


FCF/kkb 


V  - 
\ 


AO.  414  PROJ  jsDCT  :  FI3HBG//L 

TITLE:  Predict  Two-Body  Position,,  Velocity.,  Partial  Derivatives 

CATEGORY-:  Trajectory  IDENTIFICATION :  Subroutine  TBPVS 

CCDS:  Fortran  6?,  63  CDC  1604,  3600 

PROGRAMMER:  F.  C.  Forbes,  Jr.  DATE:  1-10-62 

PURPOSE:  Pr^iict  two-body  position  and  velocity  vectors' and  optionally 

the  (3x6)  matrix  of  two-body  .partial  derivatives  with  respect  to 
position  expressed  in  units  of  feet,  feet/ second ,  and  in  an 
equatorial  coordinate  system. 

USAGE: 

x.  Calling  Sequence:  CALL  TBPVS  (TO,  TM,  VEC,  PTL,  NOTE). 

2.  Arguments: 

INPUTS:  TO  -  time  of  epoch  or  injection  In  seconds 

TM  =  time  of  forward  predicted  data  in  seconds 

OUTPUTS:  VEC(6)  =  array  of  position  and’  velocity  components  in 

equatorial  coordinates  and  in  feet  and  feet/second* 


=  .partial  derivatives  of 
predicted  position  vector 
with  respect  to  injection 

vectors  R  V 
o  o 

NOTE  =  option  indicator 

1  -  compute  VEC  only 

2  =  compute  VSC  and  PTL 

3.  Routines  Called:  KTXH,  MTXT 

4.  "Linkage:  Subroutine- TRJK  or  TFJKX 

Coramon/TPJKS/CU(;3/ ,  PI,  WE,  RO,  P0(6),  AI,  AIS,  AAIS, 

GAMC ,  BATO,  SCC,  EG,  DBC(6)  ,  DAl(-6, ,  DG0(-6; 

METHOD:'  Iterate  Kepler’s  equation  based  on  the  time  of  prediction  to  compute 
the  change  in  the  eccentric  anomaly.  Integration  constants  are 
then  computed  and  used ’  to  form  the  predicted  quantities. 

REMARKS :  This  routine  is  used  in  conjunction  with  subroutine  TRJK  or  TRJKX, 
which  computes  all  necessary  constant's  U3ed  in  TBFVS.  TBPVS  i3 
U3ed  in  trajectory  fitting,  error  propagation,  and  simulation 
programs . 
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(iO.  CO  406  FCF  PROJECT:  Fishbowl 

Pa,M:lli3  “d  V‘CtXprE«JirtCATXO«,  Subroutine-  T8PV 

CODE:  Fortran  624  F63  CDC-1604 

.PROGRAMMER;  Fred  C,  Forbes,  Jr;  D*TEv 

PURPOSE:  -- 


1.  Calling  Sequence.  CALL  TBPVv. TO »tM, VEC, P, NOTE). 

®  TO  Tie#  of  epoch  or  injection  in  seconds 

TM  -  tine  of  forward  predicted  data  in  seconds 
VEC  Array  of  position  and  velocity  components 
ROTE  -  Option  indicator:  1  =  Compute  VEC  only 

.  2  =  Compute  VEC  and  P 

P('I8 )-  a  3x3  array: 

$X  OX  r'i  •/*.#■  oX  . 

aX  3:7“  di 

0  0  o 

3Y  .3Y_  ... . 

«„  ■ 

32  •  3Z 

,0X  d2.  , 

L  0-  oj 


3i.  Inputs:-  TO.TM.NQTE 

4.  Outputs:  VEfl^*  P 

5.  Routines  Called:  MTXT ,  MTXP 

6.  Linkage:  COMMON /TRJXS/COt 3 ) , PI ,*E ,R0 ,P0( 6 ) ,  Al ,AIS,AAIS,GAM0,BAT0 

-  •  ECC,E0,DB0(6),DAI(6),DG0(6) 


MEfHOD:/ 


REMARKS: 


0 


MO.,  C0405  PROJECT-!  Geodetic  SEC  OR 

TITLEi  Computation  of'  Trajectory  Constants 

CATEGORY »  Utility  ~~  IDENTIFICATION!  Subroutine  TRJK 

CODEs  Fortran  62  CDC-1604  DATE*  June,  1964 

PROGRAMMER!  Fred  C.  Forbes 

FURPOSSt  To  compute  trajectory  constants  and/or  two  body  partial*  given 
position  and  velocity  vectors  in  equatorial  coordinate*. 


USAGE: 

1. 

2« 


4. 


5. 

6. 


Calling  Sequence 1 
Arguments: 

RE(3), 

VE(3) 

CU(3) 

PIS 

WE 

R0(3), 

V0(3.) 

EC 

EO 

AAIS 

A'l 

AIS 


CALL  TRJK  (RE,.  VE) 


-  Position  and  velocity  of  a  vehicle  in  free-fall 
expressed  in  equatorial  coordinate* 

-  Canonical  unit*  for  length,  veloeity,  end  time 
-Pi 

r  Earth' a  rotational  velocity  (redians/sec) 


RE,  VE  represented  in  inertial  coordinate*  and 
In  canonical  units 
Eccentricity  of  ellipse  ■  e 
Eccentric  anomaly _et  initial  time  *  £ 

-  Mean  motion  •  X/tr' 


-  1/a 
-1/a 


1/2 


GAMG  ■-  e  sin  E. 

BATO  -  e  cos  E° 

DB3(6) , 

BAI(6),  . 

DG0(-6)  -  Tvo  body  partial* 

Inputs:  RE,  VE 

Outputs:  CU(3),  PIE,  WE,  R0(3).  V0(3),  AI,  AIS,  AAIS,  GAMD,  :BATC, 
EC,  BO,  DBC'(6) ,,  DAI (6) ,  DQO(o) 

Routines  Called:  QUTS 

Linkage:  COMMON/TRJNS/CU ( 3 ) ,  PIE,  WE,  ROM,  R0(3),  VO (3),  AI,,  AIS, 
AAIS,.  GAMO,  BATO,  BC,  EO,  DB0(6),  DAl(6),  DQ0(6) 


METHOD: 


REMARKS:  Units  are  in  feet  and  seconds. 
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NO.  CC206  PROJECTS  General 

TITLE:  Invent  Ortho  6x6  Matrix  by  Partitioning 

CATEGORY,:  Utility  IDENTIFICATION:  Subroutine  INSS 

CODE:  Fortran  CDC-1604 

PROGRAMMER:  T.Ci  Forbes,  Jr.  DATE,:  January,  1964 

PURPOSE:  To  invert  an  orthogonal  6x6  matrix.. 

USAGE: 

1,.  Calling  Sequence:  CALL  INSS  (A,B) 

2.  Arguments: 

A(6)  -  6x6  input  matrix 
B(6)  -  Inverse  matrix-.of  A 

3.  Inputs:  /A 

4.  Outputs:  B  ‘ 

5.  Routines  Called:  MTXT,  MTXI ,  .(JTXP  ;;MTXS 

6.  Linkage: 


METHOD: 


REMARKS: 


NQ.  CO  417  rcr 


TITLE:  Adjust  RO  and  VO  to  position  and  Velocity 
CATEGORY:  Trajectory  j 
CODE:  Fortran  52,  F63 

PROGRAMMER:  Fred  C.  Forbes,  Jr,  I 
PURPOSE : 


PROJECT:  Geodetic  SEC  OR' 


IDENTIFICATION:  Subroutine  PVTRJF 


DATE: 


USAGE: 


1.  Calling  Sequence:  CALL  PVTRJF(TO,RO,VO,NO,TM,TRjp,ITER,KP,DTI) 

2.  Arguments: 

TO  -  Time  Of  epoch  or  injection  in  seconds 
RO  -  Adjusted  range  injection  vector 
VO  -  Adjusted  velocity  injection  vector 
NO  -  Number  of  input  position  vectors  to  be  fit  -by 
iterative  least  squares  N0<200 
ITER  -  Number  of  iterations 
DTP  -  Time  interval  (seconds) 

TRJP  -  Latitude,  longitude  and  height  above  mean  sea 
-vehicle 

TM  -  Time  of  forward  predicted  data  in  seconds 

3.  Inputs:  TO, NO,  ITER,  DTI*  TRJP,  TM‘ 

**.  Output?.:  RO,VO 

5.  Routines  Called:  TRJK ,  TBWPT ,  TBPV,  MTXT,  MTXP,  MTXA ,  INSS 


level  of 


METHOD: 


REMARKS : 


NO,  TPOOl  PROJECT:  Bluerock 

TITLE:  Compute  Air  Density  at  Attitude  (FT) 

-CATEGORY:  Impact  Prediction  .IDENTIFICATION:  Subroutine  ADEN 

CODE:  Fortran  63  CDC-I604 

PROGRAMMER:  LfBrucePalmer  DATE:  June  1964 

PURPOSE:  To  compute  the  air  density. at  a  given  altitude. 

USAGE: 

1 ,,  Calling  .Sequence.:;  CALL- ADEN(H.X) 

2, \  Arguments: 

H  *  Height  above;  sea  leyel  (FT) 

X  *  Air  density  (lb/ft3) 

■0  CO  *  Table)  of  four  coefficients  for  six  third  degree 
.polynomials 

3,  Inputs:  H,C0 

4.  Outputs:.  X 

5.  Routines  Called:  None 

.  6.  Linkage: -  COMM0N/PERT/FMD(20, 2), NO, FMASS,EA,CO(4,6) 

METHOD:  Evaluation  of  one  of  six  predetermined  third  degree  polynomial, 
curve  fit  todata,  depending  upon  height. 


REMARKS: 


MO.  TP003  PROJECT:  Bluerock 

TITLE:  Sound  Velocity  at  Altitude  (FT:)  ' 

CATEGORY:  Impact  Prediction  IDENTIFICATION:  Subroutine  ACVEL 

CODE:.  Fortran  62  CDC  -  1604 

PROGRAMMER:  L.  Bruce  Palmer  DATE:  June,:  1964 

PURPOSE:.  To  compute  the  velocity  of  sound  at  a  given  altitude. 


USAGE: 

1.  Calling  Sequence:  CALL  ACVEL  (H,X) 

2.  Arguments: 

H  =  Height  above  sea  level  (FT) 

X  =  Acoustical  velocity  (Ft /Sec) 

3.  Inputs:  H 

4.  Outputs:  X 

5.  Routines  Called:  None 
6*  — Linkage:  None 

METHOD:  Evaluation  of  oredeterm'ined  curve'  fit  to  values. 

•  1  t 


REMARKS: 


•+J> 


- 

NO.  TP002  PROJECT:  Bluerock 

TITLE:  Interpolate  for’  Drag  Coefficient 

CATEGORY:  Impact  Prediction  IDENTIFICATION:  Subroutine  DRAG 

CODE:  Fortran  62  CDC-1604 

PROGRAMMER:  L. Bruce  Palmer  DATE:.  June  1964 

PURPOSE:  To  determine  the  drag  coefficient,  for  a  given  »ach  speed’. 

USAGE: 

1.  Calling  Sequence:  CALL  DRAG ( DCOEF  , FMACH) 

2.  Arguments: 

<  DCOEF  -  Dtrag  coefficient 

FMACH  -  Mach  speed 

FMD  -  Table  of  d.rag,  coefficients  vs,  Mach  speed 
NO  -  Number  of  aoeff icients  in  FMD 

3.  Inputs:  FMACH,  FMD,  NO" 

4.  Outputs:  DCOEF 

5.  Routines  Called:  None 

6.  Linkage:  C0MM0N/PERT/FHD(20,2),N0,FMASS,EA,C0(4,6) 

METHOD:  Table  look-up. 


REMARKS: 


£  -»> 
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‘♦16  PROJECT:  General 

TITLE:  Compute  Precise  Trajectories  and  Orbits  from  fit  to  Equatorial 

Coordinate  and;  Velocity  IDENTIFICATION:  Program  PVCMPT 
CATEGORY:  Trajectory 

CODE:  Fortran  £1)0*1604  DATE:  2-1-64 

PBOGRAMMER:  Fred  C.  Forbei,  Jr,. 

PURPOSE:  Compute  precise  trajectories  and  orbits.  With  compensation  for  ,2nd, 

3rd  and  4th  zonal  harmonics  of  tha  earth,  atmospheric  drag,  and  lift. 
Optional  initial  conditions  of  time,  position  and  velocity  vectors 
or  two  positions  and  apogee  height  are  .provided  as  well  as  provision 
for  iterative  leasf  squares  fit  (with  or  without  weighting)  to  the 
vehicle  position  coordinates.  Equatorial  coordinates  are  listed  and 
topocentric  coordinates  are  computed  and  listed  with  respect,  to  any 
number  of  sites  on  the  earth's  surface.  The  final  orbital  parameters 
are  adjusted  to  input  equatorial  coordinates  and  velocity. 


USAGE: 

Inputs: 


Option  1 
Option  1 
Option  1 

Option  i 

Option  2 


CARDS  DESCRIPTION  FORMAT  > 

“TOT  Title  A  W TiollsritK 

(2)  IOPTN  ,h’0 ,1TER  ,KP  ,KWT  ,IDTI  ,-IUNXTS*  513,15',  13 

IOPTN  =  initial  conditions  option 

001  -  time  with  two  positions 
and  apogee  height 
002  -  time  with  equatorial 

position  and  velocity  vectors 
NO  =  number  of  input  positiiii  vectors 
to  be  fit  by  iterative' least 
squares  NO  200 

ITER  =  number  of  iterations  of  the  fit. 

KP  =  perturbation  option  indicator 
001  -  drag  and  lift 
002  -  ho  drag  and  lift 
KWT  =  least  squares  weighting  option 
0Q.I  -  input  weighting 
002  -  no  weighting 

IDT1  *  maximum  interval  between  recti¬ 
fication  in  perturbation  computation 
times  10 

(3)  fl  =  time  of  epoch 

(4)  CO  ,3  latitude,  longitude,  height  of  epoch  3(E17.10,3X) 
(5/  Cl  =  latitude,  longitude,  height  of  second 

point  on  trajectory  3(E17,10,3X) 

(6)  AL  *  apogee  Wight  (AL  is  located 

between  CO  and  CL).  EL7.10 

(3)  TI,RE=time  and  position  vector  at 

epoch  where  -RE  is  the  equatorial 
coordinates  4E20.10 


*IUNITS  *  units  code  of  input  Injection  vectors(see(3j)  for  code  ID). 


HO.  A 16  Cont, 

Option  2  (4)  VE  =  equatorial  velocity  components 

at  epoch  3  E20.10 

KP=001  (  7)~ (16)  FMD  =  table  of  mach  speed  versus 

drag  coefficients  4(E17,10,3x) 

KP=001  (17M23)  table  of  curve  fitting 

coefficients  4(17.i0,3x) 

KP=001  (24 1  NOT,  FMASS,  EA  l20,,2(E17.10,3x 

NOT  =  number  of  coefficients 
in  table 

•FMASS  ~  vehicle  mass  in  pounds 

EA  *  vehicle  cross  sectional 

area  in  ft2 

(25)  TM,  TRJP  =  trajectory  points  for  fitting  4  E20.10 

TM  =  fime  in  second* 

TRJP  i  >Y _/ZE  of  jfchidl*  Xri  of  vehicle 

•Si  *  -  •-.'■•  •  *f-  r  ‘  r.;  *• 

(26)  Same  as  2J  until  NO  (see  item  2)  are 
input 

KHT=001  (27)  COSITE  =  latitude,  longitude,  height  of 

local  origin  for  error  propagation  3(E17.10,3x) 
KWT=001  (28)  IEQU,  SITE  I3,X17,  3(E17.10,3x) 

IEQU  e  equipment  selection  code 
001  =  range 
002  =  height 

003  =  L  direction  cosine 
004  =  M  direction  cosine 
005  =  azimuth 
006  =  elevation 

;SITE  =  latitude,  longitude,  and  "height 
of  equipment  sito 

nWT=001  (29)  EM,  ICONT  *  error  model  5  E17,8,I5 

EM(1)  =  equipment  error 
EM(2)  s  tropospheric  refraction 
EM(3)  =  scale  factor 
EM(4)  =  site  survey 
EN(5)  =  ionospheric  refraction  for1 
range  and' height  equipment 
EM(5)  •=  baseline  length  for  L  and  M 
ICONT  =  continuation  code 
IC0NT(0)* -continue  input  of  EM 
IC0NT(li=  indicates  lest  site  input 
KWT*001  (30 )/,.  (31)  Same  as  (28))  and  bs.)  for  all  tracking 

equipment 

.  (32.)  TO,  DT,  TF  =  times  for^forxard  3(£17.10,3x) 

predictions 
TO  =  first  time 

DT  =  time  interval 

TF  =  final  time  of  prediction 

((TF-TO)  /DT  <1000)  per  run) 

(33)  I PUNCH,  IUNITS  213 

I  PUNCH  •=  punch,  output  code 

0,00  *  no  punch  output 
001  *  punch  output 
IUNITS  =  output  units  cod* 

001  a  feet 
002  =  meters 

003  =  statute  miles  ( 5280 *  ) 

004  a  nautical  miles  (6076,10333') 

005  *'  yards 
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NO .  tl \  Cont . 


Output-'; 


Method : 


Remarks : 


(36)  TITLE  -  site  name  card  '  A80  Hollerith 

(37)  CS  *  latitude,  longitude,  height  of 
points,  on  earth  tolwhich  trajectory 

points  will  be  referred.  3(E17,10,3x) 

(38) ,  (39)  Same  as  (36).  and  (37)  for  all 

desired  sites. 

From  Fitting 

All  input  data  are  dumped  for  referenda.  On  successive 
iterations,  the  adjusted  injection  vectors,  as  well  as  the 
difference  between  each  predicted  point  end  the  corresponding  ' 
input  data  are  listed.  The  difference  between  the  two-body 
prediction  of  position  and  velocity  and  the  total  field 
prediction  values  are  listed.  The  error  propagation  (inverse 
weighting)  in  XYZ  coordinates  are  also  listed  when 
weighting  is  called'  out  ,. 

In  Equatorial  Coordinates: 

Point  number,  hours,  minutes,  seconds,  total  seconds, 

XYZ,  XYZ,  latitude,  longitude^  height,,  and  associated  titles. 

In  Tbpocentric  Coordinates:  ### 

Point  number,  hours,  minutes,  seconds j  XYZ,  XYZ,  in 
local  east -north-up.  coordinates,  slant  range-,  surface  ipange, 
range  rate,  azimuth,  elevation  angle,  and  height.  _AMSL  witn 
titles. 

Trajectory  predictions  are-  computed  by.  a  method  based 
on.  computing  a  reference  trajectory  with  closed  form  two- 
body  equations  and’  then  adding  numerically  integrated 
perturbation  terms. 

In  the  least  squares  fitting,  unity  weighting;  or  weight¬ 
ing  based  on  the  propagation  of  major  sources  of  observational 
error  into  positiori^variance  and  covai-iance,  are  optional. 

See  program  GENEPQ  No,  617  FCF,  for  method  of  error  propaga¬ 
tion,  *  and  velocity 

All  input  is  expressed  in  feet,  seconds,  degrees,  and 
ratios.  In  the  error  propagation  refraction  is  input  as  the 
ratio  of  the  residual  error', to  the  total  (mean  atmosphere) 
correction  (iie.3,  5%  residual  would  be  input  as  0.05’).,  Scale 
factor,  baseline  length and  site  survey  are  ratios.  An  error 
in  site  survey  of  1  PNM  would  be  input  as  0.000001. 

If  punch  output  ig.  desired,  the  source  deck  should  be 
modified  to  give  the  desired  output. 

Reference  should  be  made  to  the  program  -listings  for  all 
necessary  subroutines  and  memory-usage. 


-< 


Xil'i 


